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ABSTRACT

This document is the compilation of 50 reviews of
selected articles, published between 1966-1970, pertaining to the
relationship between malnutrition and potential to learn. The
materials represent a relatively complete cross-section of the
information available on this subject. There are three recurring
themes in the publications reviewed. (1) If significant malnutrition
occurs during critical periods of rapid brain cell multiplication,
the number of cells produced is reduced. The cell deficiency is
irreversible regardless of subseguent nutritional sufficiency. (2)
Non-nutritional environmental factors may influence intersensory
organization during periods of rapid development in a similsr manner
and might be more specifically dzscribed as the deprivation of
positive perceived stimuli. (3) It seems that in the near future some
governmental institution will assume major proportions of
responsibility for a broad spectrum of children between ths ages of
0-5 years. Since educators and educational institutions wil' share
these responsibilities, the importance of all aspec” iwrance
will become a paramoant consideration. (Ruthor/AJ)
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The accompanying materials includs some [ifty reviews of selected zrticles
pertaining to the relationship belween malnubrition and potential to learn. In
each case the reviewed criicle was published within the time span {rom 1966- 1970,
Although these materials are not entirely exhaustive of those available, they do rep-
resent a very broad and relatively complete cross-sectiona

There are several messages 10 educators which emerge repeatedly in these
publications. These might be sumnarized in the following mann=ri (1) During the

T:téhysical development of the bLrain specific periods of rapid cell multiplication for
various areas of the brain may be identified., If significant malnutrition occurs

kgjDduring these critical growth periods the aumber of cells produced is reduced, in a

(f\wdegree corresponding to the saverity of the malnutrition, and this reduction is

jrreversible regardless of subsequent nutritional sufficiency. This cellular

—

jtzjdeprivation appears to qualitatively influence the neurointegrative functioning
potential of the brain. (2) Non-nutritional environmental factors may influence

| intersensory organization, during periods of rapid development, in a manner very

similay to this and might be niore specificaily described as the deprivation of

positive perceived stimulie. (3) The legislative barometer strongly suggests that

in a relatively near future some governmental insitution or institutions will assume
major proportions of responsibility for a broad spectrum of children within the age
range of 0-5. It is reasonable to assume that education and educational institutions”
will be seen as the logical recipient of a significant share of these new respon=
sibilities. The importance of ali aspects of nurturance, in this new setting, will
become a paramount considerations

Several words of cautién might reasonably be mentioned prior %o reading the
reviews: first, autnors whose research are qualiitatively commensurate to Cravioto,
Winick and Gyorgy (to mention buta few) should not be reviewed, For those interested
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i the arca of malnutrition and learning, complete reading is a must; and secondly,

4% will be noted %“hat the quantiiy of dava directliy related to human experimentation

ss 4in very shorit supply. Extrapolation {rom animal experiments particularly in view

of lack of uniformity in performance assessment leaves much to be desired,

Norm and Judy Keefer
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sbelson, P. H. "Faloutrition, Learning, and Behavior" Science. Vol 1él, No. 17,

pe 17, April, 1969,
nildren reared in poverty tend to do poorly on vests of intelligence.
This is in part due to psychological and culitural factors but to a great ex-

tent it is the result of malputrition in sarliy chilchocds It appearxrs that

millions of children in developing countrizs are experiencing some degree of

retardation in learning because of inadequate nutrition and may also be occuring
in the Unitcd States.

It is difficult to assess soley the dietary deficiencies in man but stuales
on animals and obsefvatipns in developing countries provide substantial evidences
Animal expefiments suggest that good nutrition during the first three years |
ofvlife for humans is parbticularly imporiante

Usually lack of animal protein which contains the essential amino acids is
tﬁe most serious problem., Even ir the United States many who have adequate
o .oaric intake primarily from low~cosp foods may be malnourished.  This has
secome of increasing csncern +o the federsl governments

Dgsirable objectives of the United States food prograi are: 1. no ona

must go hungey; 2. aungsr or malnutrition must not be a deterrent to economic

- development; and 3. the Ameridan/diet must pfovide for optimnm_heaith through=

Enough fcod can be provided but the consumer must choosa to eat nourishe

- ing foods. This can in part be met by enriching commercial food products. In
_ : 2 : P

some areas, supplementary food packages are federally distributed to new and

expectant mothers but a general education in the basic principles of nutrition

is needed for continuing effort to assure that on one, especially no infant, fails

. | -
to dovelop properly because of malnutriticne




Thoush brief, this article ig of parvicular interest because ol ivus

direcct concern with malnutrition in tne United States. ohe differentiztion

expressad between wmalunutrition due to inaveilcbility of food in general and

malnusrition due to choice of food is particulary important in thas country
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where children are wore lilkely to be malnourished due to the lack of needed

nutrients in inexpensive and convenient foods purchased by the purents.




anonynocus. MHMelnubrition and Physical and Menital Development” Nutrition Revied.

Vol. 28, P. 176-177, July, 1970.

Kumzrous studies have attewnted to relate undernutrition during eariy
life to later physical and wmental cevcelopmente

ne children who have cveen malautritioned as

o

Retrospective studies def
compared to those wno ware note (Stoch and Swythe, Cabak and Najdanvic) They
are able “c use large numvers of subjects 1a 2 relatvively short time bui con=~
tain a poor definition of the nutritional state during the critical period being

examined. Confrols must also be seclccted on the basis of nutritional history

e

and may in themselves have bee n inadeguately nourishad {Garrow and Pike )

st

@

Prosobct¢ve stuviies have fewer children but are evaluated nutritionally

by the invastigation {(Cravioto and Acbles)e This offers betier nub +ritional

)

information and sel.ction of cwntrols 2t the time the study population is defined.

- Both types of investigations suggest in 1at under nutrition in early cnlldhood

e i ean

(

may be associated with reduced height, cranial circumierence, and motor and

sansory development. Data sugges chat in infanis malnutrition under six
N g8

ix

_months of age, iwpairment was most mekizcd and recovery least likely.

L

.Cnase and Martin have attampted <o study this problem in Denver, Coloradoe -

——

They used the rcurospectﬂve tecnﬁéquc accompanied b/ it deficiencies. They

found differences in wiight, heignt and cranlal circunference with chlldren.

ey

malhnourished for more tﬁan four menths, Even though this study has its {flaws;

it does point out that in.the United States between 1965 and 1970, we have

a large number of infants at riske

e

This cuth. - attempls 4o Dortray an unbiased amnra¢sal of the studies
considerad. OF particular 1nue“cst is the Colorado siudy, since llttle research
in the area is‘available pertalnlng to.the United Statese

O
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Anonymous nyental Development rollow1ng Kwashiorkor" Nutrition Roviews Vole 27,

pg hé"’)—l)p I‘ebrh Y’ 9690

There has been a reduction in the mertality from lwashioriker and nutritional
marasmus in many countries due to betiler troctment and a realization by the pop-
ulation that these diseases can be cured. Ag a result, there are many and an
increasing numbor of cnhildren who have been cured and have lived o school agee

However, to be separately considered ore the huge numoer of persons who are

survivors of mild to moderats u@”“GCS of prOueln—calorle malnutritione.

The wost impertant studieé to date on the effects of protein-calorie male
nutrition in children on subseguent mental development have come from Africa,
'(Stock and Smythe) and Latin america (Cravioto snd Robles). A study has alse
been compleied'in Incéia (Champakam, Srikantia and Copalan.)

An assessment of mental development is difficult in areas such as India .

where 1ﬁstr“menus used for mental funcitioning in one culture ‘are not applicabla

“in a different culture. Thus an essential part of the work consisted of the

selection, standardization and validation of psychological testse Although the

.¢hildren were school age, written and verbal tests were ruled out. Items were
. chosen Lo test different mental functions such as reasoning, organization of
knowledgey memory and diffe rent perceptual processes. The aubhors go to greatb
“rlengths to mateh chlldren. The reaulbs show. statlstlcally significant dlfzerences
. in several parame%ters which makes these d*ffe“ences partlcularly impressive.

‘The differences are especially marked in the youngest age groups The experimental
.-¢hildren were more“retarded:in their perceptual andbabstract ability than in .their

- memory and verbal ability. They also scored more poorly in their performance

on intersensory tests than did the control cn;ldreﬁ. The mean neights and weights
of the xwash*orker ch 1laren were lower in every age group and in both sexes than

the controls. This contrasis with the stud iy of Stock and Smythe who found no

Y2 — -

‘differsnce in head circumierence. This Indian studj is 1mportant becausa it

10



]

indicates marked differcnces in mental function between children who have suffered
from kwashiorker compared with thosc from the same community who have nst. These
differcnces are wider than in most studies and exist 6 or more years alfter treai=
meat of the disease where.as work done in Mexico indicates mental recovery within
a'few montins of cliniéal rECOVErya

A word of caubion is necessary wnen crawing conclusions as there may be
independent variables which act té produce both malnutrition and low intellegence,

such as the hospitvalization period of the experimental children, motivation of .

9,

the parents, parental care and infeciucus diseasese
, . High priority should be given to studies which separade the nutritional
variable foom genebic factors and environmental variables.

The author suggests further study which eliminates othef factors except
3alnutrition which may be affecting the results of research regarding the
' connection between the two. It is improbable that this can be done as 1t 231 
importanit to maintain a humanistic approach to the study of man. We can't

conduct studies with humans using animal research methods which is the only way, .

"to date, for assuring no contamination of the study. Equally as important is
the fact that if, in deed, malnutrition and environment are co-causes for the
result of lower mental development, the two.will have to be dealt with as

inseparablee .- - R R R

O
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Anonymous. "Pre-school Ehild Malnutrition: Primary Deterrent to Human ProgressY
Natl. Accde SCe = Natle Res. Council. Puble 1282, Ch. VII, Washington D. .,
1966e
General Sumiarys:

The International Conference on Preventlon of Malnutrition in the Pre~school

Child established that: (1) Pre-scncol malnutrition is pasically responsiole for

<

_early deaths of wmillions of children. (L.as) Tho fetus coes have first priority

on the mother's resources and will ac™ieve normel birth weight and normal devel-

opment at the expense.of the motn _ . is between the age:r of one to four

D

years that children in developing .our.ries nave a mortalit; rate 50-60 times

higher than t..ose in technically ad < .wad arcase (2.) Of those who survive,
pre=-school ma_nu*“utlon permanencly looalrs physical growbh and probably causes

irreversible mental and emotional damagce (2.a,) Conditions such as apathy,

inattention and purpeseless novementis occur during the acute episode of protein .
calorie malnutrition is without gquestion, but it is uncertain whether mental

ability, capaciiy, and behavior are irrevocably adversely affected. However

et

the possibility is predicted due to the great dependancy of the brain upon.protain:

synthesis and protvein deficiency in experimental infant animals, has shown ire-
reversible brain damage.’
M“Jor specific phy51cal def1c1enc1es and current programs for combatting

childhcod malnutritionvand practical neasures for 1mprovempnt are summar;zed.

The problems of ﬁalnutritipn.in the pre-school child are aggravated chadfly by
ghroe circumstancess: (1) Mothers do not know what to feed their children Lo
maintain normal growth and development. The conspicuous effects of malnuitrition
are atiribuisd to othér causese <They do not widerstand that small children need
rpenerous amounts of foods supélying highegualiiy protéins; (2) Many families
cannoct aiford 4o Buy[the fééd :equirad oy children.i;Even.if good foods are'iu
[:Rji:« ', | o L | _;'~ .f.} , 3152
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their hands, they are twacded or sold for thincs desired by the adultse (3) 113~
advised crop pracivilces; emphasis on the raising non=food cash crops,; lack of tran-
sportabicn, lacs ¢of fecd procoss:_r.U and preservabtion, &l comspire to pub the re=

quired:foods beyond reache Anthropological faciors; social customs, supersvitions,
teboos, and religious bcl;efs also often operape "0 prevent giving children the
foods they neede

Chaptar VIX

Cravioto, Joaquine yalautrition and uenav1orul Dev. ¢ ~nb . the Pre~school Chil.®

The author wondars about the permaaent or tranuat.,j ef. ~cts upon survivors

it

of malnutriticn in pre-industrialized 2redsS. He pct out L sudies with rats and

cockerais in which the malmutritvion influences suos-gr v de :Lopmenie
He also states,; however, thet even under sever: i-od re. sriction the orain

.

contlnues 1o grow in size and show¢ng normal ~ucrame;ﬁos in nitrogen and phosphorus . -

content. However other components remain sbatic (sodium, potassxum, chloride) and

resemble amounts in a much younger animale The author mentlons sevaral studies

" with malnutritioned animals that show retardation of. biochemical indices of matue

“ration. Buti he says the effécts of malnutrition wpon ni.cher nervous fuanction in

humans has not been sfstematlcally evalualed, perhaps because infantile malnutrition

has been mistakenly equated w1tn poor socio = economic stauus.- Among all families

. able to the famlxy. Tradit 1onal pab rns of fee ding sometimes prevent pro-school-

children from eating the more nutritious focds which are consume d by the adults

and older children in the fgmily. | |
Andpieson and Makarychev, have confirmed their observations in cnildren

Lhrougn animal experiments re-emp hesizing the significant effecis af the proicin

o s

Lus of dre serebral oorte&, with both uhe

‘v

conoent of the diet on the luZClenul (AW

thé qual tlty of ;ood given to the pra-uchool chilu is 1ndependeﬂt of the total avall-k

Hane
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processes of internal irhibition and the intensity of positive reflex being

The concern of research in areas where malnubrition is prevalent is w0 first
determine whether malnourished children who have arrested somatic +th and bilo=
chemical maturation do have similar deccleration of mental developm -t and whether
the condition is transient or permanciie

4pathy is probably the most common finding in ps;cholonlcal dist irbances
accompanying kxwashiorkcre This is so marked, that renewal. of interest is con=
sideradone of the most cbvious signs of improvement.

The suthor suggesis that in cpnsiderinv Wilson's attempt to distinguish four

inds of apathy )prlﬁarlly physiological; primarily nsycho*o rical; "apathy® at

‘the community ilevelj; ard napathy® as a characteristic of reg ional culture):that

of the malnourished child could be of a mixed type or could bs a sequel to

emotional deprivation and loss produced by separation from the mother dnlch is

cemmon at weaning in some societiesy plus the separabtion that accompanies

h

hospitalization. However banlghel o poiats out the psychological changes accome
p g g

-panyln malnutrition are pre ent prior o ﬂOSp;tallZutlono)

In most communities whero mulnutrltlon is present, the child accompanlen the
mother everywhere she goes, or;or to weaning. Also Geber and Dean observed that
recovery is more rapid among 1ﬂfants whose mothers show the greatest Lnterest
and solicitudes,

Also, although the physical signs of body wasting are more noticeable, the

behavioral changes may have a greater importance because of thelr possible inter=

ference with cognitive developmento

Sarrony, Engel, Vg“enauela, Nelson and Dean, and deSilva have used electro-

encephalography as a neuhod of aSbessmenu of ngural function in sevcrely nalnou¢1shad
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children. They caowed abnomnalities in the fowom, lwequency and amplitude of

tho wovese Upon successful recovery of malnuirdition, Lhc chiidren's olcciow
rencephalograms tended to conform wmore closcly Lo the pattern of nealthy children
of similiar chronologic cges The speed of chajnze was so rapid, according to
Valenguela, that all pathological features disappeared ir no more than forty days.
Psychological Test Behavior

 MildeModerate Forms of Malnutrition

Kugelmass, Poull, and Samual, in comparing the effects of nubritional improve-

,/F;D ment on mental performance in normal and mentally rotarded children, found an averw

age increase of 18 points in I.Qe oFf malnuirioned children in contrast with .9

-

“change for the wellenourished group,

Stoch and Smythe, also found a similar increase in ZeQets of children in an
all-day nursery who received.adeéuate meals and vitamin supplements as compared ?9‘3
the control group.

Various studies in developing countries shbw‘newborn infanﬂs %o be higher in.
psychomotor and adaptive development than in North American and European children.

IS
)

Soon after birth this declines, however, so tha

¥

by 18-2L months of age, their .
performance is below»tﬁeir European‘counterparts. In six different couniries,
high correlations between deficits iniheight and weight and motor and adaptive
developmental scores were found wﬁen Gesell's Developmental Quotients~kere usedp'

Qevere Protein-~Calorie Malnutrition

Cravioto and Robles found a direct relationship between rate of recovery of
' the initial deficit in relation to chronological age at admittance to nospitaliza=-
4ion of third degree malnutritioned children. Dean points out that the progress in

the first two waoeks of treatment is of such magnitude that it is unlikely that the

difference in the results of tests at the beginning and end of treatment could be

;RIC 15
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solely Jue to

2 extyra care and atienti reeeived ab the hospitale

Knobloch and Pasamoriiclk conclude vhat motor developmeni should be abts  wned

as prediciion -« later intellegenceo IT 13 suggested that the Gesell met is
the area of behavior thai can bast serve this function since its conce.mea .th
organization of stimuli, the perception of interrelationshirs and the caopar LJich
of “he whole into its component paris; with subsaquent resynthesis in & mai 3T
adaquate to solve agnew problem.
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Thus low scares of performance in adaptive behavior -in infants hevin,

protein=~calorie malnutrition before six months of age seem to indicate protzble loss
in intcllectual potentiale
As is supported by the findings of Farrea-voncada, it is possible that the

1 @eficit in older children will completely disappear if other releve o factors

fne author concludes by stating the relevence of vhe identification of an under-

rn of psychological malfunctioning in malnutritioned cnildren as it

“lying pattern

sould assist in anticipaiing the child®s developmental course, determlne sources of

wis malfunctioning and establish curricular and other education=X opportunities o

permit optimal progresse.. . : : o ]

This article offers good identification and research material, but considering

that it was done at a.conference concerned with the prevention of malnutrition,

little was offered here, at any rate, in terms of remadiating‘theiproblemo

Jaot
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‘k\;}cells in a tissue sample by quantitating the Diie
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Anonymous, "“Deadline for onvjng Stnrved Infants et
Medical World Mewse Vole 9:375 1960, pge

D Nyron Winick, & Cornell University padiatricion, has found the first dire-

n as it stunts the

[

ect ovidence in humans that a low protein dict stunts the brai
rest of the body. Furthermore, the damage done to the brain of a human infant may
be irreversible if malnutrition occurs before six rionths of agee.

These counclusions are based on analysis of brain DilA in experinental animals
and lnfnnua who died accmagﬁt*u¢y » fron protein starvaition. DBecause DNA content

of cells is consbtan®t for each species it ispossible to determine the number of

. e p

ad

fasnubrition has been broadly snduced in some developing countries by radical
changbs in social pattern without complimentary medifications occurring. In Chile,

| for example, the practice of breast feeding has been abancuﬁ on a national scalee

i:LJBecause of lack of sanitation, the babies! formulas frequently become contamlnated

=

and the infants get dia *rhea, To stop the diaz rhea, mothers feed their infants a
mixture of flour and water. @he gruel provides a poor cultural medium for bacter=

ia, but even poorer food for habies.

In Santiago, Dr. Winick was able to study the vrains of nine infants less

than one year old who had died of marasmus, and compare vhem with the brains of

3 .normally pourished Us S. and ten Chilean infants whe died of accidental causes

petween 13 wecks sestation and one yer, -By comparing the btrain DNA content of the .
4we groups he found & remarkable reduction in the numter of brain cells in the

undernourished groupse i

The link between number of brain cells and intelligence has never been estabe

Zirhed but the bulk of the vzdence sugzests that this limited dGVClmeent has slg-_

- nificant adverse elTects on-his subsequent adaptive behavior,

..1?



ANnonymous .

Mutritional Reviews, 25:11, 1967, pgse

."Mortality amonz a large number of
éreased when, on admissibn o
_standard height and ag¢
with a reduced level of s
bilirubin level was increaseda’

it Amon

There was no daifference in age distribution

: who survived. Most of the infants who cled

a

H

age weight for their age, while a similar

i 30 percent of the survivors."

=
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nppognosis for Malnourished Infants.
s

3323330

are tables) was large, ¢

| cent died despite administration of skim milik and, when necessary,

severcly mainourished children was in=

hospital, the body weight deficit (compared with

ghydration was sSevere (especially

crum electrolytes), the liver was enlarged, and the ssrum

\¢ 100 children admitted to the hospital during the winter of 1957, 20 per

saline solutionse.
among the children who died and ‘thosa
were 6Q percent oxr wore oelow the ave .

degree of underrutbrition was seen in
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-manently roduce myelin deposition
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Anonymous, "Phe Developing Brain.? Haburs, Vol, 221, March 1, 1969, page 603,

o

ProTessor A. N. Davison has preoseated now evidence to suggest that tnere
may be an initsrmediate stage in myelin syathesis. Thus crude myelin isolated from’
homogenates of the developing brain can be sgparated into two fraciionse—-—one come=

parable to mature myelin and cther with a lipid composition similar to that of

‘plasma and other cell mewbranes.

The prbcess of myelination seems-to be a "once and for 411" evenit and once
deposited around the axon most of the myelin seems 10 be melabolically rather
stable. Myelination may therefore be regurded as a vulnerable psriod of davelop=
mant, for even wmild undernutriti n or aminoacid or hormonal imbalance can per=

- ", -
500 CWAE Orallle

[

*

o

urrently simed at relating different protein spedies to the

[¢}
[#]

Fueh work is
function of identifiable brain strucitures. M. K. Gaitonds drew atteantion to the

- complex and czhegiing protein composition of the developing brain. -With ths intro= -
. duction of guaniitation of proteins separated by gel electrophoresis, it should -

“become possible to éxten&.cansiderably our knowledge of the role of proteins in .

the.brain.

18
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Anonymous. 8 ¥nderfeeding and Brein Develcpmenb.'

Nubritional Reviews; Vol, 20, No. 1, Novenber 1967, wmage 3326

Ve -

There is much interest today in possible mabritio nal influences on vhe mental
performance of children. Undernourisnhed children show, of course, a retardation
in physical growth. .The ques rion is whether there is a com; irable elfect on

- .

psychomotor growth; and if such is the case, uwhether this might nov account for
some of Lhe "backwardness® of the underprivileged peoples--a conbtribution to whab
has become known s the "culture of vovertyv.? It is well known that deficiencies
&

of certain vitaminswe-thiaming,; niacin, phridoxine--can result in central nervous

._D_

systenm SympULOLS.

Benton and Associates (1966) through experimentation in vhe deprivation of

D)

newborn rats demonstrated that there was & delay in the rate of chemical matura- -

e

[0]

tion of the brain during the periosd ol wderfeeding, but that this was largely over-. .
A o8 Y

come during the subsequent unrestricted phase,

The conclusions of Winick and Noble (1966), who used a 51mllar nodel, aiffer

J €

from those of Benton. Jlﬂlc found thait the deficit in brain gro owth and DNA cone.

ew—
]
AN

. tent on rpst$1ctnd intake was not repalred by ouboequcﬁc ad libitun feeding when
the dietary “eSUrlctlons 1nvolved an ehr¢y days oi llle, whersas 1t was poda good

" when ths res t‘iCu+On took pluce 1n later perlods. They concluded that eafly.res-:'

“triction sho:ed the rate of call multlollcatlon Whlle 1ater restrlctlon af;ecued

only cell

rédivionally, the animal studies alluded 1o here refers only to diets which

werce restricted in amount,; net in quality. Fuman children reared in underdevelo=

~ped arexs often have a dlet <ha t is deficisnt both in quality and in guantiity;
and the former aut 1bute may bc ;ully i.&o tLant as the latter, if not morc soe

)
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Lnonymous. "Undernutrition in Cnildren and Subsequent Brain Growth and Intelle
ectual Development' Nutrition Review. Vol, 26, Pe 197=199, July, 1968,

The studies with humans regarding the offect of malaud rition on mental

devwlopmenu, have proved lL 1nured+b7y difficult to separate the effects of

) malnutritionifrom those of other environmental factors and from possible zenetic

compone‘ns.

-

Most researcn has been cross-séectional studies which don't provide an acCus=

‘rate picture 01 tnp cnild pri ~» o enbtry into the Suudy°

q;i) One of the feow lonwunud*na$ studies in nh*s erea was begun by Stoch dnd
1l

Smythe (1955) in_South Africa. It was based on the hypothesis tha% the ill

effects of malnt “rition are determined first by its occcurrence during the period .

-of maximun growth and sacond by the duration of undernutrition relative to the

total period of growih.

The most grossly uudernourlsned ﬂfanb% aVGL;able were matcned for age and

swx with well nourished 1n;ants of ‘the same nooulatlon. ltj chtlcren in each

group have now‘been followed'for ll_years. A great dlsparLty was found in the

~ living condltlons of uhe Two groups. The intelligence tasts all'showed signific= -
annu dlfiarenﬂes beuween tne WO groupq which is a]so supported by the lag of the

Aexperlmental group in eauca onal placemeﬁu,'

This study provmdeq cumulatxve and . 1nore551ve evmdcnce that severe unders

P

nutrlulon durlng the f*rst two years of llxe is assoclated with braln aize . and

intellectual devalopmenne'

Further studies need to look inito the other factors which may effect rztarded

mentai dev lopment along umth nalnuurlbloﬂ so that zhe actual conurlbutlon ol

O

ERIC
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Because of the obvious differences in cavironment between the experimenval
. 4 3 Lo LI - o) . . P - o 13
and conirol groups, there is a definitc need for vetler longzitudinal studies s0
that the filed (and the literaturc) is not so ¢:pendant upon the Stoch and Smythe

-—

study which is quoted profuselye.

-
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Anenymous. Hubritional Reviews, "Underm of the Contral

v 54 L iJ
Nerveus Systems in the Pighe Vole 25, June 1967, P&

One of the more significant gaps currently encunbering & good understunding
of ment#tion is our lack of knowledge of the linkago of the brain and the spinal
cord structure, central neyrvous system blochenistry, and observed species perfore
vmance. Possibly the next stopiis to develope a model system in which one can study
the effects of undernutrition on organ developmente

(Fﬁ}' " Dickerson and Dobbing devised a system by which prenatal and posinatal growth

and maturation of the pigis central.ncrvous system could be measured by chemical

-

means. - Brain development apnd-biochemical anzlysis was accomplished on animals ol
65 days gestation and older. Changes in composition ware expressed in terms of

water, ‘total nitrogen, total phospnhate, -P and cholesterol per kilogram of whole

—) )

braine This was done for the whole brain and for sections that were studiede
These results were used as the basis for a pew assesswment of central nervous

systems development. Two phases of development were noted. Maturation was defined

1)

as a rapid increase in cellularity marked by increased levels of DNA-P. Growih,

: or myelination, was represented by increased cholesterol levelse Tho rate of matu=-

" ration peaked prior to-birth; wnercas the rate of growuh peaked shoritly after bart-

urition. The cerebellum and forebrains were thought to grow and mature at the same

\{ - time, but not a the same rate. The cord matured early, but continued to grow for -

'Tid . at least 3L weeks.

- In experiments with undérnourished and control pigs the brain.a:d cord of the
undernourishcd &aimals grew'at;a subnormal rate. <The length of the cord was res-
tricted by slow bo@y'grdwth by the thickness was unaffected. Lower DNA~P concentie-

ration and high percentages of cholesterol indicated that considerable brain develop=-

ERIC - : L 23
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basal gangliae

o

ssues were far dess

§-1

nent occurred during the period of underautrition, bult ©

mature in normal animalse.

No aibtempis were made to evaluate funciional performance of the central ner-—
vous systemns.  More information wight be obtained by comparing growth rates in

smaller portions of the brains, such as the hypothalamus, temporal cortex, and

24
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foccurs early in infancy, these changes are irreversible, while the effects of .

that poor nutrition of the 1nfant *ewole may afiect the deveIOpmonu of ner

Bakon, aitae. WiMalautrition and Learning' Xsopoene Vole LI, Noe 10
P © 3 $
guns, 1970,

The purpose of this paper is to prese‘% some of the evidence, based

on animal and hpman s“udleu, linking malnutrition to the growth of the

brain, the performance of various intellectual functions, and othsr develop-

mental variables related to learalng.

" Brain Development and Fd“Culou

Undﬂrnabri ion of pigs and rats from birth %o 21 days . sduces a per=

e eardier the malnatrition

sistent and permanent reduction in brain weight.

the pore severe is the effect and less li?ely ic ricovery. Uaderenuirivion

alsc results in spec1f*c cern*;t*uu within brai: . ls; ageirn, the eariier
the resiriction; the more severe the dzuagc.

The effects of postnatzl malnutrition ca arn..als who have already

suf Tered prvn tal malnutrition are more marked tnan effects of either prenatal
'_or pestina tul doprlvatlon separately. It seems that prenatal malnutrition made

these animals more susceptible to postnatal underanutrition, If the deprivation

o

~later de riVation may be revers ed t&roth roper feeding Another finding is
P P 9

LAy

offspring many years later..

Available cv1dence ;rom human studics relnforces the findings of sxperi-

. ments with animals and suggests that early infoncy is a critical period for

-

the development of the brain, This ic also the time wien the birain is exw

tremaly vu*ncrable to the effects of malnutrition,  Indirect measurements of

" the brain growth in humans shows thot malnutrition will curtail the normal

rate of increase in hsad circumference, which accurately reflects the reduced

29
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number of cells present:in their braine. Vhen a fluid, similar to spinal
fluid is used to £ill the cavity boiwecn the brain and the skull, and &
diffused light is used to make tne Iluid glow, a vory szall are in shown
with normal children; But malnuiritioned childrea's entiré.brain case glows,
from the forehead to the back of the head.
¥hat is the relationship of ﬁhese cnanges in brain developmentu Lo L=
- havior and to intelligence?’
Follow-up tcsfs_of children restored to health showed tha® they achleved
loﬁer schores tnan children whno had not suffered from mslnutrition. Simiarly,

e malnourished children studied by Stoch and Smythe who exhivited reduced

€D

‘v aad circumference had lower I. Q.%s even after long-term follow=upe

A series of siudies by Cravioto and his associlates in Mexico and Quale~

TS was re-

o~

ralla has shown bthat performance of childroen on nsycholcygical tes
& «

)

€

O

lated to nutritional factors, not io differences in personal hyglene, housing,

cach income, or other social and economic variables. Crnildren exposed 1o

v;})

severe carly.malnutrition exhibited percepiual defects as well as smaller body
. size. The earligr-;he_malnutrition, the more profound the psychological re- |
':tardation. .The most_seﬁére-retardatidn qccured in cnildren admitted To the
hospital un@er;six'months ofﬁage and @id not improve on tests even after 220

. days of treatmente. Those admitted later, with the same socioeconomic backe-

Fre

”éround and the same éevere mainutritionibut a different time_of.cnset, did
recove? after.?rqlongéd'rehabilitétiono" |
Evidence already exists that the lag.in the development of certain
.vorieties of 1ntersensorj integration has a high.correlation with backwardness
in learning to readon
In addition.to the negative impacu'of malnutrition on the growih rates
B and intersensory deveiopméntfof children, Q~avioio found a relationship b=~
ARJK: ' : _ | T .f‘ _ ‘:
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ot ani infcctlone Eichernwald bas shown

that certain infections in malnourishcd chilcren may produCée Sgvers ol

prolonged hypog J.vcbmla3 a condition which can by itself causc brain damagee

In addition, various bischemical defests o caildren with malnutriciorn arse -
accentuated by inlection. Iufe avion and malnaitrition thus act synergisticallyu
o produce 2 chronically and rccurrently sic.. child less likely to react to

sensory stimuli from L.s alreacy inadeguate social environment.

| Effects of Prenatal Nurition

5

.

Since it has beer found thav beoh dlow torin weight and a bigh infant

o
C
]
[

ity rate are mo ! COmMdONn in POcT {ar__ies, the finding that underaui-
&x 2

.prition anpears to be Lae cause of srenatal srowbth rebvardation is an IMPOT o=
f 38 Fy < >

‘ent one. Tn additicn 4o being 15 percent smaliler, the infants Irom ppor

‘fa ull*es had mul 'p7e evxdenceu, in terms of relative weight of such organ:

@:__

as thc *ﬂymuu, spleen, llver, etc. of prenatal undernutrltlon. The offsprlng,f

of non-poor .families had a mean ymu° wagﬁht which was 10L percent of the

b
Pl .
EPJ 5 #normalfizaight, while the poor infants had a mean thymus weight of only 66
IR ) : )
"i . percent of "normal." While the funciion of the thywus is not Jet completely

rC

' understood, there is 1ncreud1n& evidence tnau it is 1nvolved in both gronth,
and iJTuﬁOlOflcal functions, Children unose mothers’ recelvcd a vitari n supple-

ment durlng pregnancy had a 51Ln1;10antxy nlghe* I. Qe at three and four yeors e

e ///I
-,\:s

of ago than ald cnilu*cn ﬂhose mother received placebos. Also, when a vitamin
supplement was given to pregnant and laciating women with poor autritional en~-

~
=4

0

vironment, the offspring at four .cars an average I. Qe score eight H2ints
greater than'phe average score of children of mothers given a.placebo over the
same periods | -

Natr;twonal The““py and Te Q.'

o hug emass demonsirated an incocase in the Lo Q. of both retarded and

Eg;g;‘ ‘ o ..b» o . o
‘ ' . f',i 3 - E}ﬁ?
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rertally norms ™. children as & result of prolonged aucr tional rehablilit.tion.
The malnourisnad -tarded children showed a gain of 1 points and Loz normal

children one of L. points aiter a period ol dietary im rovemente. . ontrasty

there was relatir2ly little change in the scores of the wellenourisico re-

"4arded and normal children.

al o o

Coursin ac shown that Qeficiencies in the Becor lex vitamins au - in

ias of nerve cell met:bolism and fun: sion and

. . e a . .
vitamin C can praduce adnermali

can impair mental development,- Vitamin therapy has e fected improvec zental

. functioning with such children.

i

Motivaiion and Pesrsonality Changes

One of the first effects of maloutrition is a recuction of the & :ild's
responsiveness to stimulatlon and she emergzence of various degrees o. apathye.

4pathetic behavior in its turn can function to reduce the value of the child

“as a stimulus and to diminish the adultts responsiveness to him. Thus apathy

can provoke apathy and so contribute to a cumulative pattern of reduced adult-
child interaction.
There is évidence that if maelnubrition oceurs after a cerhain age its

effects on learning are reversible. Though the exact nature of the viming is

“yep to be worked.out, it is becowming clear that the renatal period and the
v ; P ' 3 _ pI A v

- first six months of life are critical.

The author suggésts the following methods for insuring that every child o

nas tne same chance of being “created equal's 1) convey the vital importance
of prenatal and early infant nutrition to girls in school, 2) providing all

-schocl children with high quality breakfasis and lunches {(malnutrition is

increasing regardless of soclal clasz) 3) educate the public regrading nule=

rition and sesing that food is made wmors rezdily aveilable to those in real

nceda

a8
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The carlier we wrovide preschool for children, the sooner wWe would
T-w -oad nLiriuional dispersement. The inclusion of

reasonable and necessary investiment in

£

o .rzakfass and _ur .& weuld scom

(U

%o e maximised _2¥Ilcpwent of children's mental function.

N}
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and Whelan, Mary Annc 1Somz Factors Related to Size nad In~-
@ Institutlonualized e J
=009, July~Decewber, 1957.

J of 77 instituticnalized children diagnosed as mentally retarded
“without .. .. neurological signs or symploms (familial-cultural)retardates)
was exans . cathropometrically as weil as for Te Qe birthweight, parentel

age, bir.. =rier, age at admission, and lengih of time spent in the Institution.

res

The . o %s indicate thats (1) The sample sudjects were ratarded for all

grA { eleven weo VmentsAwhenlcompared to published standards of Caucasian Phile
_f(f:h 8 cdelphia ~ixren. Helght, lead length, ana biocranial and bi~iliac diameters
i : .
) ll'-» ‘were wost T..ucedj approximaitely 25 or LO percent of the subjects were two or
~L£5D- mare.stahdard leviations below the normal population'mean for these dimensionse

Thne remainir * measurements were much less depressed, ranging from 5 to 20 pere

cent below t.z mean. (2) It is not knwwn if the anthropometric values of

=

this study are representetive of familial retardastion in general. Compared o

studies of c:iildren with Down's syndrome, the familial retardates are congide

) =

‘erebly talles, (3) While boys were relatively smaller than girls in all

asurements, the difforences were not significant. (4) Leg lengbh was dis~

proporviomizly reduced compared to sitiing Loight. (5) Parity, parental age
at birth, 2nd birth weight were not remarkable. (6) ITe Qe and size were indep-
"

endent witnin the sample. (7) No relationship was found awmong parity, parental

age at birth, and I. Q. and size. (8) Birth welght was significantly and

— -

“  positiVely'cbrrelaﬁédfin 6 to 11 measurements and the other five approached

_significance, Those héaviér ai.birth were larger and more intelligente. (9) -
Leagih o. : spenﬁ in the institucion was not found to influence growih or |
. Qo (3G ,Aere_was.no evidence For a progressive retardation in growth or

intelligence with increasing age relative to normal standards.

e DA
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-Bne wonders wh

Tnterestingly, in the body of ihis report, tho rasearchers arc quoted
as follows, "patornal age is sipnilicantly and positively correlated with

1. Qo We have no readycsxplanation for this finding and to our knowledge,

trated elsewhere. It 1s probably a chance occurrence.'
hy, if paternal age is so correlated, that the information is

so easily dismissed. MNo mention is made in the summary.

]
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Parncs, Richard; Cunnold, Susin; Limsermann, Poueri; Simnons, Howard; “cLeod
Robort and Krook, Sennart. "Influence of Hutritional Deprivations in Zarly
lLife on ILcarning Behavior of Rats as veasured by Performance ia a Water Maze."
Journzl of Mutrition, 893 1966, pgse 379-L0%.

Learnlnv behavior was studied in rais that were subjected to different fooms
of nutritional deprivation gearly in life, Food deprivation during the first

“threa weeks of ll*c was uchlevec by increasing the nunber of ral pups nursing

from one lactating femalee AL three weeks of age rats were weaned and some Ted

'an extremely low protein dietb for eight weeks. . four wreatment groups were &s=

Ao

tabl“sneu by subjecting rats o either of these nutritional deprivations alone
or by cembining the two forms of restrictions o by proyiding optional nutrition
Prom birthe. When the rats were foom six o0 nine months of age, visual discrini-
nation performance in a Y water moge was mcasurcde. xalo rabs that were deprived.
both before and after weaning made significantly more eryors than the norwal
controls. <The anlraLa that were deprived preweaning or p05uaweun+nv alone

gave intcrmediate resulise No signiticant differences were obtained among fe-

+

male rats subjected to the same treatment regimens. The conclusion has been .

drawm that nutritional deprivation_in'Early 1life can cause @ long=lasting,

possibly permanent retardation in the develcopment of learning bahavioras

Motivat onal or. emotional beha avioral differences were noted among the treatment

groups and uherefore'the realtive contribution of “drlve" as contrasted wibh

"cap"c1uj" in the al tered lenrnlng behav10¢ is not known. When rats were tested =

for position eversal per;orﬂance in the water maze shortly dfter weaning and

. during the time thav certain groups were reeeiving the severely protein-dcficient

diet, tne most errors were made by ithe double=deprived rats, Tolilowed closely

by those that wevre malnourished only afticr weaning. Rals that had been resi=

icted prior to weanin only or the normal controls made the fewesty errors.
p . .

32
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Femaie rats showed less dofinite effect of dietary treatment on performance

than the malese

In both procedure and interpreiavion tnis report represents one of tha

consideration, To the reviewer'®s

area O

@]
fo

more responsible contributicns in thi

knowledgey these authors are tne Iirst o suggest the possibility of discrimina=

tion by sex in the effects ol malruabribion. And, though not the first, this ro=-

port is quite thorough in incerporating into their work a qualification oI the

‘data due to ithe possible contaminatvion of unfactored socicl motivational in-
"dics. In both these considerations the authors suggest that a more sensitive
test of learning behavior rmust be ussed and, since small differdnces are Lo be

anticipited, 1t is probable that very large groups of animals must be useds

ust be regarded as one ol the best efforts to date and certainly:

This m
worthy of replication with larger animal populationse o .
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Barnes, Richard He “Experimental Animal Approaches o tne Study of Early
valnutrition and Mental Developmenth DPederation RroecedingSe Vole 26,

P 1)-5)4‘“-1-)479 19670

Experimental animal studigs deallng with the effects ol
early life upon adult learning bonavior nave been disappointing in number

-

and interpretive value. The major difficulity has been a lack of nutrition .

" knowlecge on the part of the experimential psychologists who have conducted

studies and a lack of know'@dge of experimental psychology on the part of
nutritioniszts engaging in such worka. 4 cooperative effort on the part of
the two disciplines is needede |
Studies by bxperlmenval psycriologists have shown an increzcsed drive for
food or water if the aﬂlmalu are a0y satilated ‘at_the time of testings This
drive for food or waier is lessenad or &isap pca‘s if the deprivation had
boen initiated 12 days or morc after weaning. In investigations by'Branfen»
brenner; the conclusion was drawn that the drive deprivation ragther than ale

tered learning cap201ty enhanced the anlmalsR general activity level and 1ts

sbility to solve drive-relevant proolems. Those adult rats experiencing

feeding frustration (by increasing the litters being nursed by a female) were
more successful.invcompétiﬁion cor food and noarded significantly more pellets
that normal control rats. Criffiths a and Senter reporied that maze performance
by rats receiving a protein.free diev wefa supcrior in a maze perfcrmance to
rats being fed a protein—rich‘dieﬁ wnen the protéin rich diet was belug usedv:
for reinforcement. A study by Andriason noted that wacn the regular diet and
the T werd diet were the samo, there were no demonstrable differsnces betweeh‘
low protein~fed and normal prOUbln ~fed ravs in maze performance.

Cowley and Criesel, found & Lighly si;nificgnt dif?erence in scores on
the Hobb=Williams dry mage betwsen Ifirst Tiiisl generation deprived male raus
and the control group. lTnere wes o difference with the female deprived rats.

Tre suthor suggests that tho resulis m'y'é? part be duc to matcrnal deprevatvion,

L2



but perhaps the rats on the hirh protein diet have inercased drive waich

soelr better performances,

Pilgrim who used protein, noted
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any differences in the performance of Wwo groups of rats, onc deprived, the

other not, orn the water maze.
Restriction of food intake, either prior to weaning or inmediately
following weaning, appears to have some lony=-lasting effect on the znimal's

behavioral pattern. Thesc behavicral changes have becn described as refliections

3.
-

of drive deprivations duc to withirzwzl of food and not as nubritional de-

iciences rasultirz in altered learning bohavior. There have been no signie
" ficant effects upon learaing obchavior folliowing rehabilitation snown with

1s who have bzen fed protein deficient dlets for short periods of time

)

) €

£
£

e
g
()

after weaning.

Tne interdisciplinary efforts of psychologists, pathologists and nutrie- -

) €

e <a

tionists at Cornell University showed that baby pigs evidenced several of the

J

ciassic signs of kwashiorker after being on & diet for eight weeks containing

u 3% protein, and 24% fat along with the other nutrients in adequate quantitiese.
After they were rehabilitated with a diet of 25% casein and 10% fat, they did

0% achieve the body weighi of the control animals. Alsc it was found that

the cxperimental pigs needed a greatly prolonged period of traill when attewmpting

-

%o extinguish a well-estgblished concditioned response as coppared to the controls,
even though there had been no difference in speed of development of the condi-
“icned response between the two Froupse.

A8 to rats, on the basis of additional evidence frcm current researcn in-
volving Gifferent types of Lisv wrocedures, it is believed that garly nuiri-
ticnel deprivations have resuliced in & Soercased learning capacity as well as

N

changes in other benavioral charaCuirisiico. The general conclusion has besn

Aruitoxt provided by Eic:
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definative and it is posaliiic

proposcd that autritional depriveiions In early life can aifect learning

iult male rat. Resulbs indicate

behavior in the nutritionaily rehabiliteted ad 1
that behavioral differences do develed in the female, bul they are much less

Some of these studLaes 4o the conduct of more extensive

investigations. They arc gspecially needed with slower growing animals such as

rimates in order to bridge the spen Ifrom rat to man. The possibility also ex=-
= -~ .

ists that some degree of mental retardation may result from relatively mild

<

uncernubrition imposed in early life

nor makes his peint as to the need for cooperating studies betwoen

N o~
L@ LOTm Ox LGE

e conllicting array oi studies which he presenis.

ot
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UnfTortunately he leaves it Lo Lis reader to presume the rational, since their
presentation is disjcinusd. His point, nowaver, it well taken. One other good

point which is wade and has not teen suggested by other authors with which this

'

cwriter is familiar, it that tudiss using primates may well be more relevant

. foy humanss



3

[

——)

(C=

=

—

O

ERIC

Aruitoxt provided by Eic:

Barncs., Richard, Moore, Ulric,
o 2 /

3.2

Iihsong "Beﬂ“v1oral Atnormalivies
in Barwy Life® Jo Nu Nutriticne

in Young Adult Pigs Caused oy |
Vol. luO; Po l) 9"-4-5)9 1)700
Baby pigs were walnourished for a seric = of eight weelks by restricting
protein or calorie intake with the objective of sbudying behavioral changes
that remainsd long afier nutritional renad jlitation had been achicved. &n
apparatus was cdosigned for the measurement of changes in the level of excite=
ment or emotionality under conditions of stross, as well as changes in learning
pe"fdrmanco in & conditicned swveidance situation. The most striking behavioral
chance dus to early malnutrivion wes ine noightened excitement of 4he pigs when
exposed bo aversive stimuli, aiihoush there was also an indication of decreased

carning ability. Since lesrning performancg can be afrected by behavioral

(X3

[

fzctors bhat influence the level of reinicrcemant (roward or punishﬂent), ime

paired learning may be due either Lo decreased inte¢llgenca , apacity) or to

sloveted excibement and conseguent over-reaction to reinforcement. The nutri-
tional condition which caused the greatsst change in behavioraZ developnent

resulted from feeding a diet'very low in pfotein froﬁ the third through the llth
week of life. ‘Séhaviorallabnormalities were also noted, although in lesser o
daegrec, if fhe low protéin diet was initiated later, i.s., seventh to fifteenth
waek of llfe or ir a diet o; normal compogltlon was fed inm restrlcted quantlty

so as to prevent gro&ta durlng an e:ghu week period starting either av b:rth -

or at three weeks Ol agc.»

A e

During the depletion period the pigd which were either protein or calorie

Fal s

8
doprived developed a ~auﬂt, unthrifiy appearanca. <The protcin-depleted animals
consumcd very little food wnile the calor Ze-depleted pigs retained thelr

J

appetites Sarprisingly these pips romained active uhrouvhoat the eizhi wasks ok

37
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depletion and when let out of thcir pems each morning during the clean~up

period they Irolicked and erplorcd the new surroundings much
y as the control animals, Other studies have suggested great 1oss of

(¥

motor control is siemificant to the resulis of these evaluaticns it would

‘seem necessary Goezvolve standard test procedures.

)
o2
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onz=half that of the controls. Brain

C

- “ 5t a Bore T :

C Pay S;:C.A..M\-'-hc AR Are FENEPIvI
-

i ¥

vy Early Mubritional Depreivatlone

Relative ﬁhurluaoﬁal i eprivation wWas produced in groups of 16 to 2i
newborn rats who were all nursed by one raib \gcprlved gro up) and com.ared
with control litters containing 10 or less animalse Z2oth groups were wWex ned

o e

at 21 days and thercafter allowed an unlimit

Q,

There was Giminished somatic growth in all of the deprived pgrowps and,

at 2 and 3 weeks, the wight of nmany ol thne deprived animals was approximately

orain lipids, chelesterol

and phospholipids werec reduced to approx Gimatoly 80% of the control. Brain

cercbrosides were affected to a grsater exient than the other lipids, being
only fifty percent of the controi valucse Histological sections showed less
ryeline At six weeks, followingilaree weeks of ad lib, food intake, the body w

wéihnt, brain weight, and coaceauraolonn 01 the brain lipids of the imitially

~dopr1vcu animals were essenulallj gqual 4o those in the control arimalse

The delivery of unls report by Benton and his a"“ociates must have, at

‘least initlally, caused qulue a slir among those concernad Wluh malnutrition

Ja

and brain development since it appears Lo ically differ {in terms of reguveﬂﬁ
ation potential) with the vast nagorltj of %“heir introductionse
It is assumed by the reviewer that the suggested difference may eventually

Py

lcad to & reconsideration of the limits of the "crltlcal growth pericds" often

alluded te in brain development. Soms variance in definition; &s might Lo
reasonacly expected, presently appears in the literature. 3enton; GUe.ale,

pin-points the mastimum rate of sywnthevic X myelin Xipids. taking place on the

Fifteantn and sixbeenth day aftor vizrva {ir. rats)e Davesen (1962 ) suggests

33
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of datz to human counterparts will

Lo sawe prowth period to extend from 10 o 21 days of age. Since uthe studles

cenerally dlscontinue deprivation at the 24
encourage an actual periodiec extension ol h

volved.

£il chese variances are Jurther understood and explained, extrapolation

I3

5

[

o

e subject to considerably more question

v

than even cxists presenitlye. v .

40
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Dotha=Antoun, Se, Aubqyu., S.. and Harlouche, Jo Mo "INU

Rewlated Lo uu*“;,‘onui Status®  Tro ol oof Trolleal s
L N —
15 Sar ey s, L 20,

Ta view of the knowledza that the greatest effects of undernubrition in

" carlv childroow an mentel onaysical cevelopment may be roduced at periods of
i s )

maximal growth and the fact that most brain erovith and much mental develop=-

]

nent take place in the first twe years of life, it 1s probable thal ac . crse

effects on mental functiocning during that period will not disappear as a
cenuequence of later adequare diets. This study looks at the relationshlp

of low nutritional siatus in the first L8 months of life to irtellectual pere

¢t

o ~
foomance ab age L-5 years.

Subjects and control group wWorde Ll children each with matcned parents
in terms of age, iatellectual performance, and ed ucat*Oﬁal level. All were

-

orn healShy and were not malnutritioned until av least three months after

o)

a h
birt (when the mother started woaning the child)e
Results:

The mean L. Q. of thé-expe'imental group was 79.5 and that of the control
group was 103. The mean‘éga“of onsat of walking for the experimental group:
13.5 monthé, for the combrni group} 11,8 months; taiking_for the experimental

sroup: 16,7 months, for the control groups 1l Ly = all were statistically sige

This article suggests that the children were not malnourished until onset
.z, as do others. However,; there appears to be a coniroversy, the cther
that the Chllu is malnourished prenatally as well. It would ve of

~ . [ o

interaest o note if any of the parents or eiiher group naa cxpericnced male

41
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: Tree el Miieise -~ v 2 ldre
o apA Associabes. Micalth and Nutrition in DL Crildren
. K 1 Tomim m 1D e —~ “ s A
Cadionshlp with Intelicctual Dovelonmenv. Dz Lrot and
- s~ il ~ TS ~ramed T 1~ P N R a T
wer Por Farly Sducaticn and Vanderhill University School ofi .igdlicangy

‘should be pre senbo The possibility of

Three groups of children were studied in terms of physical staius as
related to inteilectual adeguacy as measured by the Stanford-Benet or We Po

Pe Se 1o

v

Fach group contained about 17 chilcren. Subjects wore selected on tae

following basis: Socloeconomic sitavus, movner under 35 years of age, subject

shoulé not be farther in the fawily then the £-ird child, and younger siblings.

o
]
[¢)
by
l.J
!
jaN
0
¢t
P
@
o
L
£
o]
3
(o]
t
4]
Q
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O
Q
[
&
3]
6]
o}
2]
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{

sented to the families. Twenty famllies who web Lhe criteria were seleciad as
t+he coatrol groure

-

Priorities for each of the thnree Prograns W atormined by questionaires

-
|

4

i

3
b
&}
2]
o
[«

Vision, hearing and speech evaluations were conducted, the results of

which are includeda

" Nu :rltlon

A% the rural and urban'cente rs the children were sarved a snack and a

“lunch while cnlldrcn in the urban center also received breakfast.

A composite specimen anajysis “egardlna Lhe nubtrienus consunied by "poor

ecaters.” ”aVeraoe'eaters" and %bi egte“““ was conducuoed. & modified seven
P x4 P4

day recall dietax y h;SuOf] was oo"*ﬂncd from each mother by an experienced

dievitvian The ostimated daily invakes of nutrients wore found ©o be welil a=
i wodical history for cach enild was also completed with ihe resul

<o e within normal limits-—elthough tho challdren tended to be shorier and weignt

- - -

ioss than those indicated by the Lowih .OlhiSe Liso amounts of subcutancous fa

42
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thrae groups. There were no deficicncies found

2
P b P -~ imrn
Dental Findings
The proporiion of children with ail existing teeth normal is twice as

. ) PR I NN [ ——- .- . . . - &~ P Rl ]
great in the urban group os in whe rural Zroupe Water samples fLrom homes

ental differences
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wera analyzed in an elifori

Biochemical Determination
Blood specimens were collected from the children from which it was deter-

mined that the few who had low or deficient levels of hemoglobin weras in the

urban groupe. Substantial amount of vitamin A4 deficiency were found in a1l

n vivamin C, There was more

[

egnemla and cystemic iren deficlency in the urban group than in the rural groupse

School feeding programs sesmed Lo bg a main contributor to the adequate para=~

meters founde

Exarination for Ova and Parasites

Using a scotch tape swab and 2 stool examination, it was found that several

. children intthe urban group had Ascaris and Trichuris ova and Giardia cysts in

thelr stools. Half the urban children were infected with pinworm as well as

 about 70% of the rural children. -

Relationships Among Varisbles
There was found a correlation buiwecen the motherds hieight and her child’s
by adjusted weight, and adjusted height. There was no correlziion bee

tucen ezch of whese variables and the Benes T.¥e scores

&)

Ev]

The thorough nadture of this Luly 15 wost promising. There appsars to be
1 Lo the euwamination of nutrition and the preschocl suojeci--it

wouid seem that there should be & wore reiiable means than weekly reczll oo the
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of the mother For deotormining Jood intelce by tne childrena

5 - 3 3 OIS . . 13T S A
It would be benifical to expand suck siudies to larger populations.
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Champakaim, Se. and Srikantia, Ss G, and Gopalan, C. "Kwashiorkor

a d Hental
3 H - 5 i o
Dovelopment” Amcre Jo Clin. Hutre Vo. 21z Pp. 8LL-852, August, "

This study was concerned with: (L) evolving sultable tests oi mental
developwent for cnildren in the Tolcngona area of Andara Pradesy, indiz, tuokang
into consideration the two languages spoken and the varied culturcl cnvircn-
ments of the two linguistic groups. Suitable tests were developed for sii through

11l years olds and includsd intelligence tesis and sensory developmenit testsj

(2) the application of these tesis 1o ciiildren who had recovered from kwaslilorker

¢t

and to "normzl% children in the communilye

>

Development of Teshs

|

C

riting bility, the I.Qe tests had to be based

-l

Duc %o iack of reading and
) X (=]

" on ‘the actual manipulstion of varied concreie materials by the subjectse (*ney

5

were also individually applied to the susjecte) <The test items "'ere so chosen

as to test different mental functions like reasoning, organization of knowledge,

remory and different perceptual processes. The +test was standardized by a popu-

) €

J

¢ .. , . . .
lation belonging to&bhegsameucuLuural and socioeconumic class as the subjects

with kwashiorkevr.

—

The sensory developmnent tests were presented through three setls of compara=-

_~»-‘LtiVQ.judging tasks: visual-haptic series, visual-kinesthetig series and haptice

\/ . series.

i Application of Tests:

1o
Nineteen children who had been adumiitted to the hospital witn kwashiorker

and hod been successfully trezted wore ine axperjmental group. 41l weras betlween:

18 znd 36 wonths a2t the time ol admissici. ‘The follow-up assessment occurred

-,

when they were between eight and 11 years of age.

ERIC A%
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status, family size; birth order anc

. pencral pattern of care, from the sams locality, in the seme school and class

Results and Conclusion:

There was a significant dillcrence velucen the control subjecos and those

¢5ts. 1%t was most signifdcant in the

ot

Lreated for kwashlorkor on the I.Q.

oo children (8=9 years of age) and tended to diminish

<>

youn

in
(ten - eleven years of age)e &iso vhere was a close direcy relationship between

the intclligence scores and the poriormance in the intersensory tests « both in

-

- experimental and conitrol groupse it was poorer in the younger group and tended
to improve .n the older groupe

The rebardation was noticable mainly with regard io perceptucl and abstract

CSe

P

abilit
Even so, it is difficult %o ascess the extent to wnich the kwashiorker was

‘the oasis for lower intelligence scores or whether fsctors of individual initia-

"%ive on the paft_of parents in providing for their children, or immobilization

2.

uring illness may contribute, .

Trhe authors offer an admirsble atiempt to match the experimental and control

. grours. Even with. such -an attempt, they are temporing their results in the light

—~ =

2% such unmeasurable factors as parental individaul initiativa. Iy would be of
intercst to do a longitudinal study using this itype of population in viaichh cnildren
acmitbed to a hospital with kwashiorker were given concentrated abiention in an

cffort to develop their mental procesces;  aaother such group wgs not woriked with,

1 g third group, conteined in the hogpital for.oither reasons than kwashlorker

Vadd o

wera compared to normal populailone

Aruitoxt provided by Eic: . . '
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rsi David "Relaticind £ x o Lotral Hervous System Dovelope-
oursin, Davide o]
DY e it D T I Lo e Deamoenme et TS V - :"’, JO —1)4 l—)’) 196'{
ment and Funcvion' e Toedoraition 2oieatllAniiGe Ole 2G2 PEs_ dlog=- U
Nuoriticnally induced crrors in sohobolisn are capable ol cousing cenira.

f)

nervous system dysfunciion. A cngseantly growing 1ist of recognlzcd retabolic

Toalel ni iabetesy; Lypo~

abnormalitieswould include the carvohyirvaies (hyperglycemia of

el

N

elycemia, ang galactosemia)y lipids (zanthomatoses; caerebrosides, sangliicsides);

as

anine, brasdned chain forms, arginine, glycine,

and the amine acids (Phenylal

lypine, wetbicnine,; tyrosine; and nistidine). The specific deficieries ine-

anins A, B1, Bp, Bygs Byp. iiin

1.

(o]

and otherse.
Additionally, there are noy nuLnoious projects under way to explore a lost

. g ~

of varizbles in the bread field of the relationships of macromolecules to mental

(v}
L

processese
svailable information and planned rocsearch support the thesils that with the

exclusion of the insults of anoxia, discase and trouma, ¢ entral nervous systenm

* developuent and performanca basically stems Liom “he biochemistry of the nerve

cells, Iurthermore, the metvabolis. of these cells, their structival components
? » P »

- energy kinetics and integrity of funcilon are fundamentally related to their

nuprition over a time continuum.

Early andAproionged undernutrition may result in many compensatory adapta=-
tions of intracellular metabolism. “hese may alter the usual course of events;
resulting in limitations or retarcation of ner#ous system performance., Tho |
term retardation dmplies a spectirun of limitations that is qualitative as to
the degree of severity of their dysiunciione

In developing cogntrics.wkere stotistics indicatc that some 75% of preschool
children are under nourished a very i
Those who survive are rot Lo be construcd as Ythe fittest¥, dub rather arsc .o
ones who have menaged to sustain lile cesplie thelr marginal distary subsistence,

persistent parasitie infestatlons, ana recurrent infeciionses
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' function on a concephual basis with cons

and their integration in the total funciloning co

[Re]

In response to this future roscarch noeds a fulls zcalce multidisciplinary

atoache on the nunerdus faccts of nutrition afifecting orain Junction, Included
must be:

(1) The development of improved vechniques Ior identifying and quantitating

né degroes of biochemical abriormalitics that occur in mild, woderatie, ang

&

o

TLypss
severe undaernutrition.

(2) The continued exploration of .moleculer components of the brain cell

that relate to meniatione
(3) The development of more meaninoful procedures for detvermining brain

s deration of family background, emviron=—

nental circumstances, and culiural Iacltors.
(L) Devisingetier techniques for wmeasuring neurcphysiological mcchanisms
mplex of the individual.

(8) Meeting the demaunis for agpropriste nutritional resources and legistics

for resolving the problems that confront the preschool child.

In addition to the asbove the authcr has included ong gfihe better synthesis
of Dr. Crevioto!s work among the Cakehiquel Indisns in Cuatemzlae.

This was a very informative and "iull" article.

b
U

5 an "overview! of the current position relative to malnutrition.

Ag it initially stated tnis

P
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Craviote, Jannuin and Delecardio; Zisa ond Birch, Herbert. nutriticn, Growih
and Neuwointersrative Developmanti  &4n Timerimencel and Becoloiic Studyte
L d o L
- \ -
4 FAl o

- L
Podiatrics, Vole 38, % LI, August 1966, pags. 319~361

This shtudy is concerncd with the clfccus ol protein-caloric nal utrition
and the afrects of +the deprivation on suature, weight and the capacivy to learn.
If the relationships suggested zbove is actually the case, then the significance

of observable and dramatic conseguences oi nalnuirition for physical stawvise nay

[&]
w
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3
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w
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_ba but one visible sign of functionally, perhap

- handicappinge

The basic hypcthesis bein ssocifically explored 1ls that sel.wus Legrees
of maluutrition eibher cof primary or secondary causation during the preschool

years can interfers with cenvral norvous system dovelopment and result in

reduced level ol adep

(‘.‘\
e
<
o
Q
0
=3
{\\
el
),I
b
<&
®

Prior work by Coursin suggesited to Lhe author that at least three booad

.,

. areas of inquiry justified exitenilvo rescarcihe These are:

1) The exploration of molecular components operating in the brain cellaas
.- they ?elgte e mentation;
2):'The'developmenﬁ_of'morc meaningfui pr. cedures for measuring rain function
on a conseptual basis; Qith consideration of famiiy background, environmental
circugstances and cultural factors; ana
3) Devising better technigues for mgasurjug neurophysislogical mcchanisus
and integratiﬁg them both into the total functioning complex of the individuale.
4 yeview of the a#ailaﬁlguliterature led the author to the following prelimins
ary'conclusions: |

2} Halautrition is a significant Iactor affecting the growth of ciaildren in

P

21l major preindustrial aress. Wnen & shiid has been wmaluouri., o there Lo a pers
sistant lag ir -vrowih which at each age lovel is reflecw’ [ wowst stalture.

b, Vot only somatic growih; & raflected in body length, weight and body

43
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oroporbions, is aflecied by malaubrition. Lo occurrernce appears

associated with changos in psycholizicul functloning, manifested in reduced

rolhng

e

a
Se

intelligence vest scores, davelopmental lags, and defective la

) Animal exmarimentation provides support belh Ior the swuating produced
by nutritional lacks in cafly life, énd for the effects of the doprivation on
Vcertain aspects of behavior.

d) Biochemical alteratvions induced by dietary inadoquacies or Ly the inter-

ference with mechanisms Ior wtilizing nubtrients appear to result in arrest and

regression of bicchemical maturation in selected tissue and organs including The

-

central nervous SYysieéli.

),.h

vne individualis growth and development is affected.

e) The degres to whi -
by malnutrition varies with the severity of deprivation, the time of life at

“ which this is experienced, its chroniciity, and with the characteristics oi the
3 ? ;

=

associated complicationse.

£) Speaed of recovery from mzlaubrition depends not only on the introduction

J

of wdequate amounts and kinds of focds but also upon the environmental circume

=

stances in which the recovery is talingz place.

gy At the huran level wmalnutrition 1s most persistently present in children
whose familial environments are characterized by cultural as well as economic ins
‘adaguacies. As a consequence, in attempbing to assess the effects of nutzritional

'lacks on both somatic growth and behavioral development, it is necessary elthier

I:““‘%
—~

%o conbrol for cy otherwise to assess the affects of thesc none~nutritional factorse.

anner in which the nervous syste  and its functloning are altered

3

n) The u

4o result in reduced levels of intellectual competence is only partiaily suggesied

oy peyehological tesst studies and by conditional reflex changes. Lt is nccessary
-,

bl

to examine certein pr.meTy wmecharnisns uwnderLying cognitive growth of a luller

'
O

-
ew of the ways in which malnmuirivion alrfecvs intellect is to be colainedd
o Further, such an asnalysis is of potenvial significance for the developmenc of
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methods for the wore cffoctive rahobilitation of malnourished chi

Two Tachs clcarly emerpc from bhe Cravicto 8UAL/. For the rurcl childrer
stucioed o difference in height is accompanicd By 2 diifercnce iun dintersensory
St ey e 3 Al TS s A Tlae oot S003 271 eNogn urban SamnnLe dip"‘—,wcvlc,\:‘ in
integraovive abilivy- O UJAC UPRPET SOLLas Leado TOoAnl SAmDAC, rierclace ad

‘heipght are not assoclated wiinh differences in intersensory inue srative compelonce.

Therefore, height as such cenno’ be considered as a determinant of intcrsensory
i:iegrative organization unless su n difference in height occurred under cir-
cumstances in which the helght 13 rrerentvisl developed from causes which alfect,
intersensory integrative organization.

i ffarences in growth in the rural chnildren are most likely to have dsrived

»

from & failure %o have received appropriute amounts and kinds of food (priwary
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nalnutrition), or 1o have been the

Lnfesuatlons wnlch nave sacondarily interfercd with the individual’s nutritional

state eiiher directly by increasing tissue calabolism withirat a compensatory

Inerease- in food 1nta?c, or indire. Jly through anorexia,or social custom, in

-

_accordance with which, grectly reduced food consumplion is desmed therapeutic

in preschool children during illness and congploscence.

Clearly then, malnutritvion could act in {wWo waysw—=one aer1v1n& from a d1r>ct
interference with the development of the central nervous system and the other ~
from a series‘of indirect effecis. In looking at the latter--three possible ine
'dlrect effects are readll pparents | |

.

1) Ioss of lcarnlng time., Since the child was less reap0u>1ve to nis ene

(

e in which ©o lezrn

vironment when ﬁalnburishedg at the ver; least‘he had less vime
and hac lost a cerdain number of monihs of experience. On the simpiest ..sis,
“rareleore, he wousd be expacield Lo show sums developmental
2% Interfurcnce with lesraing during aritical periods o* gevelopment.
Leayning is bj.no mear aimply a Cuiaxavive processe A considerablie cody of

avidence exists mich indicates tnav irterference with the learning process al

55
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specific times during Lis course wmay result in distrubances in function that

- — el ~ -3 Falir —~ - e U S YO . . 14 . Y : FR MY

are coth profound and of lonz toermn signilicantte. Such disitrusance iy noL meréd)
ey 2 E IO e o SR EXN g cvom o N T e ol Vo RaTo Yarvh Evh

a {function of Phe lenzth off tine tne organisa is deprived of the opportuniivlcs

5 - . - . e oy oy - A~ repte o - e o S

for leuining. Rather, what apsesrs Lo be imporivant 1s +he corrclation of the

~imential opporiuniity with a given stage of development--thc so-called

critical periods of learning. Jrdtical periods in human learning mave not been
el ote)

definitively eatablished, but in loaking at bhe consequences associated wita
malnuirition at different ages onc con derive some potentially useful hypothesise
Relevant to the reldcion oevwecon tims of iife a2t which malnutrition develops and
learning may be the cariier roport of Craviovto and Rables who have snown thab

as conmbrasted with older patients, infants uncer 8ix monihs recovering irom
ywiashiorkor did not recoup their wmental age delficit during the roecovery period.
Tn older children, ranging from 15 to Li months of age, too, the rate of recovery
from the initial mental deficit varied in direct relation to chronological age -

at time of admission. Similarly, the findings of Barrera-Moncada ia children,

nd those of Keys, et.al. in adulis, indicates a strongz association between

23]

4

[

ersistence of later effects cn mental performance and periods of onset and dura-
tion of malnuwbtritior.

3) Mptovatopm amd %ﬁrspma;otu cjamges. It should be recognized that the

wotherts response to the infant is to a considerable degree a function of the

child’s own characteristics of reacﬁivity.: One of the first effects of male -
nutrition‘is a reduction in-tﬁe child‘s_responsiveness to stimulation and the
cnargence of‘various degrees »f apathy. Apathetic behavior in its wurn can
function to reduce the Yolue of.the child as a stimulus andé to diminish the adult's
mesmonsiveness o hime Thus, apatny can provoke apathy and so contribuic Lo a

curalative pattern of reduced aduli-child interacvlon I this occurs it can

Loore conssauenee for stimulation, Loy lecrning, for maturaticn, and ol laover

versonal relabions, the. end rgsguiiy oging significant vackwardness ia pendornancs
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Tt is also possible to considor treg Ca.elu O malnutrition upon the davelop-
JEN fal - P, — e T A A PR B, Y} - Tm cprn iy et Yy i~ 2 om o mwan -~

ment of sSntersensory orsanigzobion direcily Ly wodiiying the growdh and blochomicad

1

e damqrmm T o A Ll Yaam & w T DL ST SN e m s i ] e de [y - = [T R
maturauicorn. of the braine It chould e rimomdersd hal 1ncreass in cell cyuoplasn

. -

growth of the human brain at biril, i3 lerzely a procecs of provein synthesise.

> o1 -~ et a7 P~ Y . - e - 2y .
From the microspecirdoegraphic invesiigauvion of “he rezpenergting nerve 1ibars

it hes beea estimated that protein suvstance increases more than 2,000 times &as
the apolar neuroblast matures 1ato the young born celi. FPernaps an easler way

iwply to recall that at the time
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of birth the human brain is gaining woignt at tne rate of 1 to 2 mg per wminute,
Changes in structure of . the convrel norvous system due to feeding grossly

decurenied by Lowry and Platt. McCanca,
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- ©le ale have shown gross alteratiocns in -2 content of water and several elecite-
b .

rolyies in the brain substance, and Fiennor anc associates have advanced evidence

trat interference with protein synthesis in the brain prOduceé loss of disorders
in mnice, Ambrosius, et.‘al.,ﬁavo roporbed thalt severely malnourished children
shew a distortibn of the nérmal relaticn between brain weight and total body
weight. They have interpfeted theiy finds as an indication of arrest growih of
the central nervous system. 1t mey well be that so-called critical periodiciliy

STt

in benavior represents the responsiveness of the nervous system when it is at &

s

stage of biochemical organizatvion. I thds is the case nutritional inadequacy

evelo, ment of the brain and o=

may interfere with bo'1 staging and timing of d
havior. TFrom this one might rezscnably assume thal failure for intersensory
intesration to occur abt normal acc~speciilic polnts can contribute to inadecguats

Bvidcence already axists that vac Lag in the developmenty oI certain varieties

of i.tersensorv integrations have & aizn covrclation we in learning

o
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Lo read, hus, Birch and Belmont ia their studics of reading disability in
British cn11d“cn, and ¥ehn .. nor study of Amcrican school chiléren, have showun

“hat backwardness in reading 15 strongly associale

> ~ 2

visucl intepration, FBvidence iz zleo available +hat indicates tho depeacone”

of visualemotor control in design-cepying on visualekinesthetls ingegrative

o~

adequacy. In a series of investications of prescheool and school ¢cnildren, Birca

(&)

and Lofrord have found skill in visual-kinesthetlc integration tc be highly and
B significantly correlated with design-copying in normal children. I it is re-~

!! - 'cognizad, with Baldwin, that such vizual~rotor control is essential for learning

[ ]

vo write, w.e inadequacy ia intersensory orpganization yan interfere with a second

primary cducationzl skill=learalny V0o Wit

ory developament can place the child ab risk of
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ish an ordinary normil backgr round of conditionings in his pxe
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_scnhbck years and a% the risk of failing to profit from educational experience in

the school yearé.

1

(]

The Cravioto study is probably the mosi significant report rela to pre=

——

school growth and development it has been wy good fortune to read., This review,

though iengthy =nd relatively complete, 1s not substitute for reading and ro-

reading the document. in fulle

—
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Gullcv, Wiliiam and Lincberger, Rovert, #Effect of Uadcraubtritlon on the Sizo
o oy T LR T ey ] o a— — ~7C AN
and Composivion of the lat Seain.!  Journal of Nuorition, 9631560, pgse 375=50L
This study was designcd o Getermiing Lo o “rechs of various periodis of unders

nuteiticn on the growth and composiition of the rat braine valucs for body woipndt,

-

orain weight and tetal DNA, RNA, 1inid and protein in the brains of rats on rese

tricted fecd ~onsumption from 5 vo 1l, 17 and 60 cays of azc were significanily
h x 2 [=) =)

lower than the valucs Tor age~matched controls in cach case. Also, the total

cholesterol, prospholipid and cercbroside content of the brains ol rats on res-
vtric**a feeding uhtil &0 days of arse was lower than values cbtained for braing
of agecematched coutrols. 4nimals on restricted ifeed intake wntil at least 17
days of age did nct recover any ovraln Did or RJA when fed ad libitum until 110

ntzle unbil 11, 17 or 6C days of age;

'Ja

days of age. Animals on resbircicd feed
Gid partially recovar their deficlt in brain weight and total brain protein and
lipid, but these values were still significantly lower than normale Llsc, the
percentage of 1lipid in 21l of inesc brains remained significantly lowsr than
porm~l., Similarly, the total amount aud thebpercentage of phospholipid, choles-

terol and ceredsroside remained sigaificanily lower than normal in the brains of

i1

rats undernourished until 60 days of age then fed ad libitum from 60 until 110
days of age. Of three major'brain regiona oxamlned, restricted feeding afleCUed

the we ight‘and'DNA content of the cercoellum most severly..

These experiments control the impiications,of their study to ¥Wthe eflecis

of various pericd of undernubriticn on tis grow th and compssivion of the rav
orain, The reviewer finds a savisiying dogrse of responsivility imheren” ia

tne lack of cxtropolative inferences in Laeir reporiting.

Tre date producad heve appoivs Lo Llves with: the propoanderance 21 Whe re=
sorving an this orea. It ds of particu.ar interest in that it tends e lend
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ia tho 11 day old zat pup (Chughu cnd Riller in propuravionje As the Tirst phase
of a study of the elfcctes of low nrotein dicts duriny the nrewcaning period on

: S J T N s o e - ) =2 . - e, -
the norral developmont paiviern of protsin synthesis noonatal ra
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S dilution af rets milk prep-red so that only the amount of protein was decreased.

.

< A

Ladnsd Sy rab wothers and artificially ac-

coraay: Lo the same schedile
rat pups were infectod with dig-Celoucine end sacrificed from 30 minutes to 24

= “hours laver. Liver and carcass were homogenized and a honogenates were ceabrie

<o ¢ fuged and two additional samples wers obitained, micvosomes and supernatant. The

tuo control groups had similar rates of incorporabvion. When the PuUps wers maine
. © btained on the low protein dict the rate of incorporation was similar to the
-l c . : : .
fQOﬂurol valu s in'the carcass av wwo days and the liver at four days. (Supe

poirted in pas UC'-PnS NIH grant SeROLeHRe0L3L6-03. "
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Zn Brain

1986,

Davison, A. N. and Dobbi: Tyelingl
Developricnte’ British Hedica ulicetis Vol 22 (l) pgo. bO—hh.

dave

Histeologlcal examination h cemonstrated that development of the brain

Thus ¢ ellular proliferaticn is fcllowed

has
occurs in geveral successive stages,

by growth of cells, axons and dendrites and Icter still by myclination,

m

nere is now good evidence {due to considerable advances in our knowledze

»

relative to bicchemical processes and chemical construction) to suggest that
biological membrancs are itriple-layered merbrane sitructures made up of an inner
1lipid layer sandwiched between two outer protein layers (Roberison, 1959).
X-tay diffraction and electron-microscopic studies show that the myelin sheath
is composed of numerous lamcller wrapped zboul the axon, each lemeila consisting
of iwo unit membranes derivgd from the plasma membrane of the parent oligoden=
droglial cell. |

¥Myelination occurs at difle:enﬁvtimes in various areas of the nervous sys=
temsAand its time of onset varies for each species, The process is preceded
by a prolifergtion of: 071 endrocyues (Bens ted; Dobbing, Yorgan, Reid, Payling
and Wright, 1957) andvby the accumulatipn of hyﬂrophobic lipid droplets in
uhe nearopil, flrstly in the spinal cord and later in the brain. Recent work
on the accretion of myelin lipids dur'ﬁﬁ developmen® showr that, after an early
pariod o1 apld growth, this process continues for a long period; for example,

Pi2d

the humsn brain increases rapidly during the first several years of life, thnen

<

tapers off but does not stop grewih in wiizht until adolescence. Since mnuch of

 the increasc in wet weight ~0 the vrain during the later phase of develceprent

is cue wo deposition of myelin, it Zs possible to au“emot a qualitative cowm-
parison of the process in dif

Llinough histochemical and chanic

digation; rate and extent of myclinatvion, they provide no information on ithe turns~

58
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is complcte, it is unlikely that stress sucy

-—
ovor oi its componentse Waolsch, Sporyy and Stoyanofd (19L0) and Bloch, Borg
and Rittenberg (19L3) first surpested thalt adulit brain cholesterol, unlilk

that of other~ organs, was molaboliczally stsble. There was litile incorporas

+ion of deutoriuvm from ingested heawy water and deuterium-lavelled cholesterol

_in the adult brain, even though there was rapid uptake into the brain lipids

of newoborn raits. The apperent metabolic stability of myelin constituenis

&

©

once laid down, makes possivle the use of analytical-procedures Lo mesasure

brain growtnh. Consequently in the maiture brain, ror example, once myelination
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roduce tne amount of myelin, and this could explain some or the findings which
H R

have led ©o the beliel that wadernuirition Yspares' the adult braine

It therefore seemz reasonable to propose that undernutrition (and any

othor stress) will vary in its effect on wmyelin according bvo its timing in

relation to the process of myelination. It is also possible that ihe characier-

istics and extent of the "catch up®, on the return of favorable circumstances,

'y

ooy -

will‘depend similarly bn the timing of the stress; and even if wedabolic der=
angement be corrected, it may be possible to compensate subsequently for develop=~'
_mcntal abnormality (see Ea :szgnd Leviné, 1963)e The hypothesis may &lso be
exitended to other metab&;ically s%able vrain constituents such as DA and hence

4o cellularitvy. - '¢~” - . . . ' o
In reviewing tha_expgrimcntal av;dence Tor ﬁhesa proposals, bthe species

differences in the timing of the pericd of maximum rate of myelination reiative

+o birth are of vital importances. Tais is particularly trus for tho Xirapola-

Lionn of rindings from one species e anciher, which may well be oltherwisc guite

valid; becausa of the specles simlilarity of chemical compeosition and mevadolic
3 -

behavior. Tentabive exirapolation Lo man would place the human infant’s vulnes-

o

zble pericd from about the seventh month (invra-uterine) ©o the Tirst few wmonths

59
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© cal prematurity; or the rolatlively low

of pomtnatal life. The rull-ter:a nowboriy wnd even roro 80 Wil promaturely

porn infant. would thus be abv spoclal risk Tyom external factors in this respecd
. .y - ’ ’

as in so many others (see Wigglcesworlth, 1966).

The question svises as to whetner or not animal experiments are relcvant

to the human speciec. Most of the animal nutri itional expcrimenits have involved

" a degree of undernutrition much more sgvere than any likely to occur in the

normal human being. Nevertheless, it way ve (see, e.g. Dobdbing, 196L) that

A

quite minor denrlvaulonw applicd during the vulnerable period can produce signi-

U

ssivols

C\

ficant changesq Thus it is p

€

that low birth-weight without chronologie

pirth-weizht of full term infants in unders=

[}

<,

develoned countvries (Broun, 19663 Wigglesworth, 1966), are examples of the

nlication of coroarntﬂvelf small restrictions during intri-uterine Life at a

10

vulnerable period for the human foeial brain. The prematurely born infant's .

brain, however, may be much more susceptible to deprivation, because it would

'-no"mally be proteuted to a great extent in utero at this vulnerable period of

svelopmentyd -

Cf most concern is Uhetﬂer COomMpar ~'at::.veil.y minor early st:ess can produce

~permanent chanbes resulting in lnLOIIGCuuaL or emotjonal impairment; and seconaly,

whether, if whole body growth is controlled by factors in the brain affected at
this time,; human body size can be_permanenbﬂj reduced as it can in animalse
There is little real evidence in man for either p“OpOSltlon, but this may be simply
because it would be difficult to collect. Factors affecting eventual "intellige
ence" as woll as body-s*zc zre multiple ano.l anteracting, and many of the betiere
known anes (such as socizl status) may mainly operate, if at all; later than

the period of maximum brain srowih. Neveriiheless there does seem to be ultimate

psycholog gical impalruenu in infante of low brain~weizht (Harper and Wiener, 1965)e

Barly infantile undernutrition may also act similarly (Stoch and Smythe, 1963) and
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it has recently been supgeshed thal oho rocovery of speclloctunl periernancsd

~»

reducced VY sndernutrition muy ve possiole in babies wnhoso SeVere dogrece O
larashiorkor occurred SILCT 81K monbhs OF apgoe. Lf they are malnourished earlier,
the intellechtual damage may bo sermaach s (Cravioto ant Zobles, 1965). The in-

cidence of permanent brain danage assoclated wioh idiopatnic spontanedis hy=

oslvecemia is also much greosisr 0 infants presenting hefore six months of age,
O (=3 4

Lt

(laworth and Coodin, 1960). The iroaired iatelliectual gevelopment of pneny=

ikctonuria is associatoed with defective ﬂyCL”ﬂdt* on {(Crome, Tyvms and Woolf, 1962;

Waisman, Hable, Wang and Akeri, 198L), aithoupn 2 causal relationship renalins 1o

be demdnstrated, Unfortunabely tne sC anty information available atout physical_
ffects on the brain rélatas onﬁy o s»resh brain webt weignt, and sonoulwcs only

to head circumfercrie, both of which have been srown Lo be unrelisble guides Lo

“brain composition in exp-rimental animal undernutritione

Whetner the slower raild of dovelopnent exhibited througnoub chlldhuua in
children with 1ate adolescense and smailer body size (7anner, 1.961) could e

the result of S¢m113r early d deprivation is agal urely speculative but, the

“smallsr the QLTGQS requlrgd 1o produce such an 2ct during the vulnerable

period, the more reasonable tq“s explanation b omESe There cerbainly secms Lo
te some correlation between small svavure and  atellectual performancé in child~ -

ren (Scott, 1962) and in adults (Schreiders 19653 Scotis Tllsey and Thomson,

The Davison and Dobblnv pape + inpressas as peing adeguately “hercugn in itst

consideration of myelination and Lhe consequen’t relative significance “o total
brain development. Thne roview of avalladle literature incorporubed in the paper,

suggests reasonable compleienesSs and mutuasly supporuvive reciprociitye

It is most unfortunate that tnis article and @ ‘closely correlated paper re=

1

T
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. 3 &) 4 3 2e e e 20, ~ublished sivultancs ‘.—7./ Tho O aTie
porwed by Henton and othneru, Y0, subilghed sinuliuncduslye e WO f
. S e s U, gt
T 2@ sirniiicantly in their analysis ol ithe udlimate

cles ¢iffer quite markedly and si

’-h

effects of encumbered myeliration during the Yeritleal perioed® of its growihe
T4 woutld have boen most valuablo to lhave available comparative commenus from

nat such commentary may have well donsidered a mod=-

L ate)

tion or & eritique of the modes used
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" have patterns of growin similar Lo well~nourished infants in Norun America

Dayton, Delbert Ho "ianly valnubeition and Human Development! Childrcn. Vole 163
Zohalak el

Pe 210“2173 Doce 19690
¥ore studies are nceded to definitively asscss the relationship betweon
malnutrition and mental developuente.

One promising study is ocecurring in Cuatemala where groups of matched

-7

children are to be watched from birth to 7 years of age. Cne group will live

on the customsry diet, the otner is being provided a nuiritious supplement.'

3 3 n

The preliminary data of Two nuiritlon sSurveys supporied b, the Depariment

~ Dy R 3 R L LaJU o PP 1T ) < TR = o £y -7
5T Yenlih, Bducation and Wellare and Juoilie asasin Service, indicale thalt Mad=

nutrition among cerbain groups of children also exists in the United States.

Though the problem differs in cause and degree from thut in dsveloping countries,

the basic questions of the relationsuip of mental development and malnubrition ..

- are the samece

More informatién is neceded regarding maternal nuirition and its effects
since it is xnown to be asscciated with increased rates of morbidity during
pregnancy and of premature delivery. Evidence is increasing that the nutritional
experiences of the potential mother belore conceptién may also be extremely

_ _ % .

imporiant to subseguent intrauterine growbhe

Some studies have shown ©that dreasti~fed infants in developing countries

during the first six montas of life. Afber this point, breast miik alone may

) Al d P v, .

no% be sufficient to. sustain them oOr Tas child may be weansd and the child's

£

groweh begins to diverge from Ehe Kowoh American standards. Children in certain
poverty groups in the ﬁnited Swates ssem to cave the sams nutritional problems
2% the cge of weaning as children in developing counitales.

The classic severe protein maloutritlicn {iwashiorker) olien becomes evident

around the age of two.

© mmmam

—



L.

5

5 €

O

ERIC

Aruitoxt provided by Eic:

= O«

ental Development

Studies of animals have indicatsd that srowbh in all organs occurs in

taree phase 1. hyperplasia, during wihiich the nunmver of cells increases;

@
s0

2. hyperplausis and hypertepdby; during which the nwier of cells continues to in-~

crease and the sige of the individual cells also increases; and 3. hypertephy,

where growth occurs only by increass in cell sigce

FicEe studies suggesh that during the phase of hyperpiasil malauitrition

ving in fewer ceils in the braing which

. , Py 1y LI 3 P 1 -
seems to have o permanent effect, whercas malnuirition during n[yptrtophy results

.in smaller than normal cell size, which can be corrected by providing adequate

‘nutritione.

In humans, the brain grows wost during the Tetzl period and by tae end of

_the first year has assumed T0% of its adult weight and by the end of iwo years

is nearly complete in growthe

Validation Needed

Past studies have shown significant differences on mental tests belween
malnourished children and better nourished children in the control groups.

For exawmple, Stoch and Smythe, in South Africa, compared marasmic children

" to a matched control group over an ll year Span and found the experimental group

to show significantly lower results than the control group on physical weasure-~ .
ments (height, welght, and hcead circumlerence) and one various intelligencs

DifT

Lests. ifferences were especially significant in visual-mouor ubiiity and

_patiern percepiion. Although environmental and other causes are suspccied 2

contribute to the results, the smalier head circunmlerences sugrests thabv &
stunting of the brain growth may have resulied Lfrom malinueritione
v o ip Guatemala demonstrated Giffucoences using a vaviery of psychnological

tests in terms of shorteterm memory, betwsen a rehabilitated group of severaly

84
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malnutritioned children and @ similar group who had never manifestcd overd

signs of severe malnubritlon.

ravioto, in a lafer Guatemalen study, correlated stature with nouro-
integrative funcudon and found tvhose witn lowest sbature produced the greater
numoer of errors on intersensory
bala faciore

ore shtudics of mental develeopment and 1is melnubrition as measured by
psychnologic tests are needed. LT present, most studies nave been cross—sectional

-

with little from longsiudinal situdies whica

Yy

(=

ollow the same children over an
sxtended period of time which are nceded ©o prove a causa and effect relation-
ship between nutrition and mental developmeant. Other faciors can affect a

child's mental functioning and need to be differentiaved from the effects of

malnutrion as well,

‘Nutritionsl Asssssment:

Growon ratardgtibh and various clinical syndrowmes resulting ifron malnutri-.
tion in animals and man.have'been in the professional literature for many yearée
Cicily Williams in 1931, first described kwashiorker while in Africa on the

s an extremsly inadeqguate intake of pro-

Lt

Gold Coast, the main cause of whica

Fa)

tein foodse She described the mein clinical featurey which if unchecked lead

to maraswmus. and eventual death, bul also produced cures by feeding milk to
children suffering Irom 1ty thereby showing thal this vas a dlseass of maiubrie
tione |

Surveys bo determihe theAprevalence of protein~calorie malnutriilon suggest

that pernaps two thirds of the children in developing areas of the world are

ct

not geviting enough Lo cate. Algnough only 5 to 104 of these children exthibit

kwashiorder, it would not be unrealistic to state that at least 50 we 7549 of

[y

the children in the developing countries have & degree of malauvrition ©That has

B3



C 2

_——

S

ERIC

Aruitoxt provided by Eic:

-

caused puysical growth feilure s evoluated by height and welgnt data and

assessment of bone development. Nutritional problems in the Unlted States,

An assessment of the nuiriiticral staius of a popul.ation, including edent-

ification of daficiencies, is essenbial for sound social and economic planning.
In studies of bone maturation, radiogﬁaphs have showm significant dilfere
ences between ?317 -nourished populaitions and poorly nourished §opulations.
Also more sonsitive bilochemical dobtermining itests are needed for the eval-

uation of individual nutritional status. =Harly, less sovere malnutrivion is

presently dif fic ult to datects

)

nild is an im=-

[¢)

The effect of infectious ASsease on the malautbritioned

" portant considsr ti n. The svnersism vebween nutritvion and inifection complic=
i 1= A

"ates any prediciion regarding the development of ihe child caught in a conplex.

3 -

net of nubritional ceficiits, povy hyzgienic condiitlons, inadequate medical care

and sociocculiural patterns. that tend bo perpetuate such problemse

Some Solutions:

The obvious goluLlon, providing lood, is an oversimplified solution to
a complex proﬁlgm. Surpluses of food aronnd the world are dwindling and the
high transpervation costs and loszes cdue to spoilage, rodents and pests are a
problem, Supplying foods can be only a temporary solution. Ultimately 1t musu

be produ~ed in the areas where needad. his doesnt®t solve the problem in prose-

percus couniries. Nutrition education, along with a nutritious,; inexpangive

food supplement accepiable to the people in need is most imporiant, .

. o

The auunor offexrs 1n10 tion not Ireg Aenuly mentioned. ‘‘he three phases

of growih in organs is one. Also the studies of bone grow th comparisons are nou

BQ
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Dickerson, JeoieTs and Walmsley, Armnme Hirhe Lifect of Undermubrition and Subuce-
quen®t Rehabilitation on the Crowth and Composition of the Central illervous Sysuen
- . . N - "y Oy 7
of the Rate" DBrain Research, Vol. 90, pase 897-900, 1967)

Weanling rats were undernourisiied unbil they were 11 weeks olde Some of
“them were then allowed uﬁlinited access to food for one, twe or eight weekse
The effect of undernutrition and subscequent rehabilitatlon on the brain, and
on the weight and "thickness" of the spinal cord was studicde The brain and

the cord were analysed for woter; totel nitrogen, total phosphorus, DNA-P and -

5]

chélesterola

The weight of the brain of the wundernocurished rats was appropriate for

 their body weight, but the cord was heavier than normal due to its greater

=

thickness. There was a positive correlation between the weight of the brain .

5 €

f—

and the lengih of %the skulls

a

There was no significs.at difference between either the concentration, or

C

 the absolute amount of DNA~P 2n the bralins of the experimental animals and their

TG

controls. The Lon of cholesterol in the brains of The undernourished
animals was i .i 12 normal brains of t. same welght, and slightly higher

r

in those of the same'ége.-

In the spinal'co:d undernutrition prevented the normal fall in the concenira=
m\47 g tion of DMA-P. The c§ncentration of cholesterol in the cord increased during un-
"I_ dernutrition and was not significeatly different from that in hormal cords of .
“the same aze, . -

The effect of undernutﬁition of the severity imposed oﬁ Wweanling ravs wers
trensicnt; and in some cases were correcied by rehabilitation for Lwo weekse

The results of this study and those of Dabbing and VWeddowson (1965) suggest

tLnat whenever gréwﬁ; of the brain is reterded without seriously affecting its
composition and itsfproperﬁrelationship Lo body waight, full ronabilitation will
be possible, SWhen,:howeier,_undernutrition begins befo;e the'brain has reached:“

O

il | S e
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.i%s mature composition, the conccenoration of its constiluentvs are appropriate

o5 (Dickerson et al., 1967) rehable
litation may not be complete. oo Tacters which detcrmine these parameters

appear to be tue timing as ol as the duration and sevygiiy of the undernut-~

Jritione
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~rate. tudies do not indicatdé, nowever,

" the changes in xuncblon might be ae.m“ncntu

LLChqu"Wd, Heinz and Fry, pﬂ"f”v oke, Yhutriton and Learningt  Scientle

Cro
Vol. 1533 pe 6LL=B4L3, February 1969.

For some time, it has becn sc;entifically accoptable to ascribe many be=

hav1oruL characteristics to conditioninge. Rescarch is recently indicating, how=

-ever,‘that it may rather be biochemical conditioninge. The author suggests that

" malnutrition not only affects physical growih but may produce irreversiole

montal and emotlonal changes.

shown that inadequate nutrition (calories

e
U‘

Various studies using animals have

ip 1life in wnich the brain is growing

£

and protein; coinciding with the peric
wmost rapidly, produces a brain not only smaller at maturity then in con*“ol

animals but also one which matures biochemicelly and functionally at a slovar

% e

T the Lunc vion of the brain is perman-

'J-

_ently alitered with short term simple undernutrition of the weaning periode The

timing and duration of malnutrition during infancy is probably critical in

deterwmnhnn whethur anatomic and blOChGTlCaL damage can be subsequently healed.

‘The resulis of one study appearsd to show that restruction of calories may slow
the rate of cell multiplication (maturation) whereas later restriction afiecis

‘only cell size (growthe) Data alsc suszests that inadequate proiein nutrition.
< (ST &

- -
1

" or synthh51s or. both, durlng brein developuent result 1 function

. and that, if the, degree of deprivation wore sufficiently severe and prolonged,

&

So in animals, the simple calorie deprevatlon during the nursind period

£y

apparently results in vehavioral changes tui doesn’t seem to affect its problem

.solving ability. Protein deprevation causes behaviorad changes and also reduces

the capacity of the experimg nual animal to lea rn at an early age = as is the
case with those with malnourishied mothers.

Tne author also alscusces the relationship bevd ween nutrltlon, w*ov“ ' ' -

1r1e~+1on and the env1ronnent and gugges sts in the more cmmplex case of humansy

‘70
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these environmental factors undoubiedly cc..u.dute signilicantly ©o Uhs - I8CLS
of malnutrition on behavior and functvion. The intellectual attainments ol
children who have recovered from a c-inically scvere episode of proicia~caiorie
malnuirition are cons antly lower than those of indl ividaals with adeguais
nutrition during infancy.

or further research and means for im=-

wy

He goes on to reiverate the need

plementing effestive plans.

One point the auvthor makes vorti noting, is the difference betwcen simple

calorie deTlVdulon and provein: caloric deprivation. In the United States,

- one might assunme LhaL nrotcnn ‘calorie dCDlPV&tlUﬂ would be tne mo,t prevslant

»L

of the,twu‘and according to the author; e most cri cal.

71
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Trisch, Re Le ""Present Y eaaslar st o
A oy . - e e Sy S e e [ ¢ PRI e
Poprmanent Pental Rotaranulon’ 7 .2ie ; VoLe 235 Du LUV=LFL, lEO=
TS B Ll e

ruary, 1970.

The author sursests that wudh of e literature published supporving tvhe

bt Lo

o

supposition that malnubrition cavses merrmonents retardation is not vased on.
¥

T

[N
4]

indeed the purpose of this article.

The author will discuss only direct evidence -astusl tesis of mental and

motor abilities of malnourisned chilidren.
Exnerinents with animals and resulting conclusions may nov relate to

rs

s the last few

’_J-

i humans

(o]

hymans because the poriod of critical brain growih £

weeks of intrauteriac life and the [irst Lfew monbns following birith -~ quite
Kwashiorker {acubte protein~calorie malnutrition) is discussed in the light

of thres studies. The conclusions seem to show thatv children above 15 wmonths

of age are not permanently retarded by exureme malnutrition; the evidence is

_inconclusive for children below six montns and nothing is known about children

between six and fifteen months of ago.

The difference in reversibility of the offect of malnutrition seems to be

" the age at which the child is affected. In less developed countries the pables

- “geem to be protected since they are nursed ©o s5ix menths of agés Recent early

weaning btrends in Latin Americélappear to be causing non~reversiblé effects in
mental development due to inadeguate quality, high staxch, low nutrition foods
and hygilene, -It'éppears that the greatest risk of irreversivle brain damage“
occurs with ﬁhildrénvwho suffer depreﬁation Before.birth (consideriﬁg the

critical period of brain growth is in its peak near birth). Such children

’_J-

sclude  those wno suffered From placental restriction at this time and ars
found in all soclietiese.

The next aspect of the mental deveiopment problem concerns chronically

72
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r “han norral but are not meh-

o

malnourisred children. Such chnildren tost ilowe

{ally apathetic to stimull in sneir environment @s are those with washiorkers

The main problem here becomes the Lasis of ihe test results, Is ibk due o

poor brain growth or daémage, reversible or irreversible, due to malnutrition

or cultursl environmeni?

The zuthor guestions the validity of the conclusions of Stoch and Smyithe
and others who wmaintair ihat 4ne smaller heed circumferance found in children
experiencing saovere malnutrition wne Sirst two vears of life shows the irrevoce
sble reduction in brain size and resuliing restricvion of inptellectual devel-
opmient as shown by smaller Lhan sormal heed circumference. Robinow and Garn
suggest thab in such children, she skull is thinner than normal, In addition,
others show that children with reduced head circumference in facy have brains
of normal weight. Norﬁally there is no correlation between head circumference

inferior periormance of such children must ba due to

Q
Hy

and intellegence. Ti

either cultural deprevation or brailn demage (reversible or irreversiole) con-

cludes the authore
' Monckeburgs who studied malnutritioned childran in Chili, in using the
Iowa Reference Standard and.in being uncertain of the quality of fol .owkthrouzh
epon wnich the study dapendadb'made'an ImWarrelive «v. ~kuc. a2 whnen he statea
that brain damage in infaﬁéy is permanent at.leastfﬁp Lo the sixtn year of life,
despite improving_nutritional conditions. | | |
After mentioningvsomé inconclusive studies, the author gives & reseme or

Skeei“s studyfusing m&ther'surrogates ﬁith an experimental group of 13 in an
orphanage where it was found that;the e xperimental groub gained an average ol
2815 I.Q. points (11 of the forme:w maintained and increased their cariier gains
in I.Q. after béing'placed in adopt;ve homes. The £wo who ware keplt in the
orphénage declined in mental growtle) '

The author concludes by stating that "long=term studies which attempt Lo
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daiffercnviate between the e

effects of malnourishment on the central

not be treated as facts and wi

flects of environment on mental growih and possible

nervous system in children s re now in

propgresse.." Until conclusive evicdeace 1s zvailable, however, "surmises snhould

11i2ons of malaourished chiidren should not e

condemened as permenently retarded, mentally.”
. _ 2 :

Tre evidence available in thc area of malnutrition and its effect upon

mental development is so varied ihalt one can cormpile studies that support

his preconception on the topic. Still, the more important point is that we

cannot conbinue to allow malnutrition to bs a way of life in many parts of

the world and ceriainly we have little excuse for 1t occurring in the United

States, Since there are studles that show malnutrition to be a contributing

factor and since it is physically uncomfortable to be hungry, why be concerned .

'so greatly aboubt providing the pure rescarch so many are claiming we need before

we can aci? Reogardless of iis revocability or irrivocability,; we shoudld be

making a concerted effort *o eliminate ht zT..

74
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aret, Bullard, Dericr and Pivchik, Zlizacetie
)
h a e

g}

Glasar, Helen, Heagariy, kar
b4 > I -
"Physical and Psychological Development ol Childrcon with

A
Journal of Pediatrics. Vol. 73, pe 690-7C8, ovember, 1968,
s P o
ox

Thig &Stapy examined LAfty children wWho Were nospitalized with the failure

w s o~

to thrive syndrome which includes & broad specitrum of disorders which emcom=

passes difficult diagnostic problems requiring discriminailon beiween subtle
organic dissases and complex sccial and egmoiional disorderse

to d evelop motor skills vers

}J-

Failure to grow in sisg, to gain weigny, or
bheemajor complainis presented by the parents of the fifty patients wnho came
from all social strata. Tho children ware pale, walnourished, showad loss of

S

subcutansous tissue and wmuscle wass; Were Selow normal in height and walghte
: F [ >3 [ =3

" The infants were lethargic and apathelic, {vhe age range belng {ifteen under

6 months, thirtean from 7 to 12 years, ten form 13 to 18 and twelve over 18

years old. Upon discharge, they were returned to the care of their private

A follow-up stucy revealed a gubdbantial incidence of continued growth

deficits, botn in height and weight. NMental retardation, emotional disturbance,

"and family dysfunction were commonly found, although a minority of the child=

Ten from adequate home environments appeared to bhave recovered spontaneously

" without detectable sequelaes |

The age span of the children and sparse information given about tnem,

‘make it difficult to comment about the study. It would be henefical ©o note

- similaritics within the group that recovered sponbanesously among other Lhingse

v
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g analysis and correlaueg would revcaL mere in this arca.'

on on Growon" Federation Pro-

‘,.

Gra nam, Goorpe. WYEffect of Infantilc ialnulrivl
cee Vol. 26, January-June, 1957.

. of fifty-three sever ~ely mazlnourished infanis and children followed for an

average of 3l months after hoevlta admission and under & Vvalil iety of circum-

‘ancos. He reportis than althougn thc prognosis for growth can be improved

by optimum diadb, severe Qeficits scemingly cannch be made up, particularly

the deficit in head sizee. Llthough radioiogical oone age parallels heights

age and suggests that the duration of linear growith will be prolonged, com=

Lany

“ parison with the growth of a much larger underiour ~ished population sug gasts

that this will not be the case and that most of the children will be per-

“manently stuntedd”

Lim w

¥r. Graham's paper,”al nough reasonably informative in Terms of growth
chartxs oniy Dby inference reclates itself to the more consaquany issue of gen=

eral soc1al 1npl-catlon.‘ Doss:.bly different greatve laultude in comparabla
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18 wp %o 10 days of age, but that later when demands are wmaximal the

“. DNA increas=as 25 and 580 per cent respeciively.
- N 13

" and 16 days of age result in permanent reductions in brain size

Granoff, Danj Howard,; Evelyne "Huxra;rl ion in ¢n fancy and Brain Developwcnts”
The Journai of Pedistrics, Vole 75, No. L, Octoder 1964, pgse 732-733.
Data collected in 1955 indicated that brain growth and cerchbrel DA are

significantly reduced by food restriculon or other stress between 2 and 7 days

-

of age (in rats), and these changes are nov fully reversibls even alitar pro-

longed reclimentation. ('”’9) fziled Lo observe a reduction in cerebral

DNA at 8 deys of age. The difference may be pi rccedural: Granoff enforced Iood

restriction »y removing the young vo an ilncubalor for 16 hours per day, whils

Winick set cested that a lactating

s
0]
U')

up large and swall rirsing groupsSe it

female rat may:be able to supply more aearly adequate nutrition for a group of

relative
restriction iccreases.

\

In the

[}

normal mouse, between 2 and 1L days of age, cerebral and cerebellar
Food restrictions between 2
and D A in
adult mice.

The importance of regional DNA determinations rather than analysis or whole

'braln was also ev1dent 1n a recent study of DNA incroase during development of

the human Ietus (dOIaTag Grano;l and Bugnovs kv, ;969),  Cersbellar DNA was

found to increase’ CXponennlﬂﬁly as late as jO ﬂeeks'.gestation in the humane

In contrasd,; the rate of,increas in cerebral DNA hel begun to decllne by uhe
féurueeubn waelt. |
The delicit in the cholesterol, per milligram of tissue, in the ccreoram
ol adu*u mice that underwent food restr ction in infancy is rather smail, on
the order of 3 or L percent (ﬂowara and Granoff 1968), This reduction in
cerebral cholasterol mig t'rezlec a reauCtlon in eltner mje71n or total cell
surface area assoc1atea Wluh a. se¢c0ulva supp ession Qf certain neuron types,

[ B - . - . L. LED
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and not necessarily an Lrravergibls Lnuers nce with myeline=synthcsizing Clilse

(3

teraiions in brailn compesition necds

s Py o - 3 IR R ~ Ko AL o ~7
The funcioional significance of Lnesc a4

- Y, L RS > = —
further clorificatiolie Animal

fluences and are not always amanablc

found in the literziure.

This article was primaxily a

¥ry 19569 issue of this journal. It appeaurs in the form of an addenda and,; as
such, supplements the previous paper in some rather significant ways. Of par=

~ticular interest were comments relaltil

peaningful way and those relating

Jearning in a

=

evidence influences the arguments perceived between the Davison {(1966) and -

Benton (1966) articles included in this review.

cholesterol in adult mice (after malnutrition)e This later bit of -

Tt ——.
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Fede“”u*on rroceedings, Vols. 27, No.

Syorgy, Paule MProtein-ce 1orie and tamin A Yelnubtrition in Scuthzast Asiall,

39 p&isﬂ 91'19-9933 ;lf«]*umeg l)\)d.

for themselves, at leasl

SR

The gap between the affluent fow and the hungry millions is widening and

ol

“way become unbridgeable if properly directed efiorts fail. The hungry people

need foed, improved living standards, znd the hope for a better life, il nob

in many parts of the world, especiailly in ‘he ricc-cabinz countries of South-
east Asiz; up to 70~80% of the preschool children are urndernourished and have

A

no opporitunity to develape ithelir full potenbial. With rice as the staple lood

of the population, the growing child recelives inzufficient amounts of proleine.

Even the caloric regquirement is no:t coversd since the younz child is unable to eal

adequate amountg of bulky poiled rlce. In countries like Indonesia and also

Thailand, especiall i in- the northeast p*ov-ncesq the diet is also poor.in v1tam1n

Ao
These Indonesian studies found & very significant growth : retardalion amount=
ing, in comparison o the American normal -alues, to 5 months for a Y9~month~old .

nfand and o h vears for a 12-year-old Indonesian childe. This phenomenon, call

- by Ramos=Galvan (1968) "rneostosis", .is an impressive manifestation of metal slic

adapticn, the nature of which has noi yeb been elucidated, As recent anthropolo~
cal studies from Japan clearly indicate, this adsptive retardation in lengthe

growth is due no¥ so much Lo gsnetic as Lo environriental factors, especially

T2 1.5 study a statisbically significant p ositive corielation was found

ooticen welsznt and height wmeasured in 1063~196L with ithe original c¢lassilication
in 1957-1959 in groups (2) acceptable and (b} malnourished; and especially marked

in (c} the group mglnourLShyd sSen vitamin & deficiency. It is of interest thal
the serunm vxtamlﬁ A lev@ls were siznificantly higher in the mothers ol ihe sample
ig compared with all children (LS mothers and 110 children comprised sample)e. & .

78
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sirmificantly lower I.Qe was found In 1945 in children who in 1957-1959 had
shown malnubrition combined with Vitamin A deficiency. Using the i:ectro—
retinogram as a response criterion, eye disease Was also found to correlate
highly with the bloocd serum vitamin A levelss
Tn extensive studies ih Thailand on blacder stone disease, observatiohs

were mad which appear to link the epidemiology of the disease with low=protein
_intake, as one of probzbly several eiiologic factorse. As circumstantial evidence
for this assumption may be mentioned: 1) higher incidence of the disease in
rural; comﬁared with urban areas; 2) distary hablis in the village, such as
" early supplement of rice and bananas to0 young, even to newborn infants;>and

' 3) low sulfate and phosphate excretions in the urine.

Improfement in nubtritional conditions, in anology to infectious diseases,

should center preferably oa preventions and not on therapye. Permanent damage if

~caused by early malnutrition can be elinminated only by timely preventive acblone.

Phess studies further, appear to substantiate that tgelf-nelp? and "conditione-

ins" of the village. people to usec proper food more or less as "medicine” is
g g8 : _

=

possible, “iland oubs" will not guarantec success and are often rasented Ly the

| w—

people. Maternal and child care centers; as important as they are, will not re-
_place the "attache" at the grass rocts level--in the homes of villagese Thus,

it is no surprise that all the well-meaning efforts of the governmeats,; as well

{ - ’ o Fomd
{ o

=~

oundations, religions and.private;organizations'were in the past 20 years
largely unsucceSngl with'fegard to improvement of nutrivion and-general rural
rehabilitation. | | | |
Experienca in ﬁighly developed‘countrieé has shown that improvement of the
standard of living leads té'reduction in family size. Today, better living stane

deras and family planning must go hend inm hand, the situation is so urgenie.

1 Dr. -Gyorgy and‘hisvassociates have, with Cavicto and Wyniche, accomplished
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a significant penetration into the izyk area of actual nuiritional studies on

‘humans. Direct resulis from these cfiorits are infanitely more me ninzful than

extiropolations from other animal data.

¥ven more than the others, Dr, Gyorgy has soms taste Tor how ramedial pro-
o 3 Jory

cedures may be conditioned within particular populationse. Thats where it's all

ata.



Howard, Zvelyn and Cranoifl, Dan. T Prcot of Weonatal Food Resuricilicon in lice
and Brain Growth, D4 and Chelsesterol, and or 2dult Delayed esponse Learning,”
Journal of Nutrition, Vole 95: pus. 1l-121, 1963,

This tudy was designed to examine the long-term elfects of a limiited per=

iod of nutritional restriciion on ulvlmale

Experimental mice were intermitbtently

iod of rapid orain whn between 2 16 days

[eonte]
G“‘

tion in body weighl compared with 1it
o ed adlibitun,. L 9 months, rad,  cerebral and
A »
f . in the imales 17, 7 and 1L rz pectively, bo

- was red..2d 8% in the cerebrun 2 22% in the c

Jwas reduced slightly. Despite e

no lasulnb 1npawrment in volentary running, in

or a wisual discrimination with esc from wat

="/ males showsd an unexpected improvement in le
The r estriction experience may have aliered rea

tricted males were able to more than compensate

::Ji%f

" to the nutritional deprivation.

" male Se

removaed irom

crmate controlse.

rRLng

The restricted

improved porzormance, ana nnelr ;1nal bodj sxaa“

their wothers during the per-

reduce=

of age, producing a 57%

Therealiter thay we

corabel lar weignts werce recuced
values. Total —.iA

Low cornl ok

erobellime. Ccrobral cholestarol

nges, the restricted group srowed
learning Lashely type 111 maze, -
er as a reward, the restricited

a delayasd rosponse task.
sction patterns so thgt'the rés«I
for any pbssible nhandicap due
females did noﬁ mnanifest this
reduction exbee@edlthat of thev

T

In light of the authors! stated purpose; "o gxamine tue long-tern effecus
of o limited period of nutritional restriction on ultimate brain size and Sumetion”
this study is of significance if only in terms of ¥ dangers of extropolating
cata ﬁrcaaturb;/ and in too noral a mennaer. Certainly there 1s general concera
1cl;t1ve to the effecto of m@lnau rition upon the ultimate human funcvion. ~nd
often this concern Has led to exbropolations which a @ questionable ia terms of
the empsrical evidence available. This tudy demonsitrates the dangers o tnis
\‘1 . . . - . . . :
[ERJ!:‘ withous thorough consideration of the many variables invilved.
T ‘

R

Ty WA Tt



2

)

e

O

ERIC

Aruitoxt provided by Eic:

et et 5 a2 o R b A T S S vmm——— e

.-

Leland, lenrye. “The Relationship Between Intellipence and ¥
American cournel of NMental Deficierncw, Vol. 73, 1969, ppIs.

- erditical domands and which provides & gu =  the scdification and reversal-

-

&n apﬁroprlate classification system must take into comsideration toth

&

"bookkeeping" and diagnostic needs. Such @ SJQtvw must serve the person bed

classified, It must be relevant o the “—eatment, Training, or rehabllitation

o

needs of the specific individuals, It 3s "2 w2 cur advantage wo dichotomize
mentally retarded groups vased On Presumé.. ciiclogl se Most of the ..entas i
=

retarded with whowm we hooe knowing contact - 50 1 scled because of malc-

doption and benavworal ciffi culvie The cnl serv. =able classificatior

system is one which_groups individuels by - .he abi_.ty to cope with speciiic

he]

_of these behaviors.

No doubt Dr, Leland has made & viable point in this arnlc¢e. Change in

‘. this direction has taken place and will continsec. The slowness of this Progress
_however is thouﬂht, pos=1bly, to be nheifesult of convections the present ly,~,
“such cnanre, is’ 51mnlj to the less a*blbuary.b No ultlmate--all answerlng——- ;

'beom@dical.diegnoStiq labelinggis'withln sight.f} 5'357 y T
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convulsicns have been cbszrved. Electroencephalograms have demonsirated an

Osclsliy, liowar: i, "Antenatal Malnutrition: Iis Relationshin to Suvesguent
Infant and Chil.. ... olopmeni,”? Amaricoa Je Obstete Gyncce Vol. 105, pe 1150-9,
Dece 69,

The buesis for this rev that malnutriticn prior

H
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ey

o

to birth relates to subsegueni and specific develepmental p.. ..ctiSe Much of the

data availeble is of an indirect naturc. MXost oi the c¢linic ., neurolsogical, and

and have 2 primary pea bric focus rather

o

developmentsl data deals with childre

then obstetric data. However; wucha has inferential importance [or this areae

rperimental animel studies:

Aninal studies such as by Jackson and Stewart, Widdowson, Dickerson,; and

McCance, Davison and Dobbing, Dickerson, Dobbing and McCance, have demonstrated

that maturstional development, including brain development, can be adversely
affectéd by finite periodsiof vondernutrivion at different;ages in the maturation
of animals. The earlier the nutritional dcprevatioh, the mofe profound and
irreversible.were the changes studied. Dickerson and Dobbing posﬁulate that

£

the effects upcon the brain would have muen even greater il the undernutrition

were begun during pregrancye .

Platt and'co-workers,'in Londonyg, found that extending the malnutrition to

‘encompess preguancy has resulted in clear signs of neurological involvement

among dogs. Athetold movements of the head and neck, ataxic gailt and epileptiform

access of irregular,; slow activity of large amplitude and multifocal spikcs and

sharn waves, particularly duriag sleep. This has not been roied in puss borm
2 =3 p g Vb

&

‘of well nourished mothers.) wWhile the clinical changes seem 10 bereversible,

rliasis ard central nervous system cellulzy damage have not appeard Lo be com=
(&3 . . i . &L .

o

Cowley znd Grisel in South Africa atiempled to’ carefully study the ellecus

of 2 low protein diet ppior»to énd Zollowing birth upon successive generations

Phrir o e : : Epg

.
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- This suggests cunulobtive effects over the wo generationse

off white rats. Retardavion of growth was chaervad ana mortality rates wWere

p—

Iigh, Though no differences were observed in exploratory behavioer, there was
marked difference in intelligencuiiotireen whe oilsgpring of thcax;eriﬁental snd
contyrol groups. The lew proteln rates scored loior on vhe problems of
HebbeWillicins test and took lénger to reach the zoal Loxe, In the follow=up
study, the first fillal generzilon low protein rats were maled ab 120 cays ol & -
with normai male. Laboratory yats. Thelr olispring were coninued oa low proteixn

diets and wera studied as a second filial generazion of Low srotein animalse

compared 10 the othier two mroupss Less normal head and limb movement, less

coordinated exploratory behavior, slower maturati ional development, a greater

lag‘in age reaction to sound stimulation and less intellegetice were all noved,

.

Human studiess

;nformation nere is less precise due to the complexity of interrelaled

. dssues wnlch uaﬁa to confound human data. Biologic, environmental and secondary

";facuorb mdy-be associated with cond*t ns'of malputrition.
- Bdzept in hime of war with delibsrate starvation created by aggressors;:

pure malautrition is hard 4o isolatece Usually, malnutrition among hugans 1s

o
@
(€3

1ifricult Ho interprebe

borderiine in degree shd data may
Hethods of ’evelopmentdL assessment and pSychologic technigues have becn
crude and often nob prediciive. Further 1 investigatlion is necded helee

The most retevant'da;a of a devailed nature relé

Russian laboratories in the shudy of chilcren. .It was demonstrated habt mal-

and electroencephalographic cvxdehce taau funation of the brain in children

is affected by states of malnutrition and wmay per51.3 LOlLOdlnc correcilon of

" nutrition lcads ©o chgnwbs in condivioned reflexes which begin befcre the clinical
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ihe nu.  ionel ceficit (Ne—son, Zngel) Antencial and perinaias dat: .ulc

provide valusble acditional informaiion.

o .. studies have also demonsirated neurological dericliis sp< ie wo
ot >3 S - PR N < < [ o. me A > - e BV L
particular types of darigciency such &s vitamin B6 (¢ Ticiency cucoc.  2d with

nental retardation), vitamin A (Genest, Sarwano, and syorgy) {dslici. cy czused

45 to studies dealing with pregnancy,; Smitr, Roird andfzstman . Jac son

£

have 211 reportcd infants of smaller size than expected, as an .ccc [ srimens of

maternal undernutrition or lack of weight gain, during pregnancye

Szsmuel observed the effects of = iritional

¢
o
=
©
10]
w
o
Y
O
=
[.J
f
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i)
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A study be Rug

=
N

improvement among 9%, hospitalized malnourisned children in New Yorlk [ity. Their

averaze L.Q. for the retarded experimental children increased 10 poi s, and 18-

points for the not reterded experimental children; in contrast to no I.Qe change

=

in the conirol group. The study is significant in noting the reversibility of

effects at the ages studied,

- »

sionkeberce¥s three to six year follow~up on 1h children with severe marasmic =
(=42 N — i - N

i3

malnutrition during infaricy; suggests more severe - and possibly irreversible

changes = with deprivation at an earlier time.

Stoch snd Smybthe, in.a series .of two reports have  followed 20 mulnourished

infants in South Africa. for 1l years. Throughout the stud; the I.Q.'s ef the -
- B j -

mzlnourished children averaged 20 pcintas lower than the control groups. The

—

pabiern that emerged in the malnourisned group resembled that ol some brain -

iamng

zed children, with a defec

e

¢ of visular motor ability and patitern perceptilon.
- Althougn the control group didn't closely match the etperimentsl group in environ-
ment, it is likely that malnutrition among the parents of theecperimental group

bafore, and during pregnancy .s mosw Likelye

Tn the study of Cravioto, prévious research had indica

N
i

ed thoi differences
_ in growth in a village in Guatemala, were a significant indicator of malnutritions

Aruitoxt provided by Eic:



)N )

B

{

h:D

-

e —

O

ERSC

Aruitoxt provided by Eic:

_Conclusicens and implicetions:

raving controled genetic faciors intersensory integratinn wos corpared oewwean

.
]
jony
o}
Q

the shorter and taller children nly strong positive association betueen

vackground circumstances and helght wes between the height of the child and the
education level of the mother. the lower the educabion level, the greater lhe

1ikelihood that the .child would bc short) Poor maternal educsvion may be expacted

%o be correlated with poor nutrition during pregnancy and early infancye

E I - e

tnimal dete clearly indicate that malnuiritilon aiffects both physiologic

_and opsyenological developmente Tro tvoe of aberation cualibativel] differs
J 24 & J & e i

“dependant upon thie specifiic nutrient which is deprived. The timing, severity,
and duration of maluvtrition furtler markedly influence the quality, extent,

crree of reversibility of observed deficits. Persistance of wmalnutrition
& . _

Q‘
el

and
“acrogs generations appearé to worsen outcomd and prognosise

—re more difficult to interpret. Rarely does the extent of -
deprivation come close to equalling that used in animal experiments'and_usually

involves more generalized deprivailon Such as povervy, lack of education, incidence

of infection and disease. s : _ ST ‘ o -
Also, studies are often too broad and poorly controleds There has been

_litile work done cqncérningkbrain development before and'shcptly atter birth. -

The author makes several points ©o consider. First,; there is indced a -
laclk of research, at least in the last flve yeers, in the area of prenaital and

raserrsl malnutrition and its relationship to the development of tae braine
Mozt studies in the area of melnuirition snd mental developrent suggest that

“there is no adverse effect until weaning., Yet the author cited one study in

EaY

parbicular which showed such a possible effect with rats. 4&lso, a good point

. is mace in regard to the poor educaticn of mothexrs affecting the nutrition of

87
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There 18 he opportunity
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of nutriticn deficiency on learning ability nnave not considered the goexdsting

“problens: (1) It

Pollitt, KBruesto, PhDe "ocology, Halautrition, and Mental Develcpmeni! Psychos=
SCile "C".. ‘ \'TC']-O 31;, p. 193—2003 ’.-"f&j—o;...l’lu 19690

The author suggests that the conclusions of studies on the affect ol

-nutrition on lcarning ability are not warraniede. Thispompul: will atiewp? to
-poind out bthat behavioral siudies attemobing to assess the specific erfeat

‘biological and social factors whlch interact with malnubrition and walch wiay

codebermine the poor test performances Also, tnis paper will show that the

_relationsnin between malnutritlen and posr Lest perforsance may be the sole

Critical Review:
Huwnan studies of severe protein calorie malnutrition hawe shown that childe

ren of the same geographic location and socioe .conomic status with malnutrition

"score lower in I.Q. than those without malnutrition = the resulit being due to

o

the malnu r nion. - However tk inference is weakéened by two mathodological

Fl

s difficult,to find an anﬁrozr;ate measure of nuitritional
i’ b3 h

‘history in children.’ Stauure, ‘a popular measure, is inadequate because it is
"~ indicative of many othert actor -APollltt and RlCCldul found bnan, in comparison

to ball Subjects,- ort cnllarun were more 1ikexj to have snOﬂLor mothers with

&

a higher nuwber of pr aranc1es and 7ess vears o; schoolmn 4o have lower re=

Cported birth weight and to come from less stablse homeb. These differences

PRI

were found 1O ocﬂur'wutn n a homcgcnoab OClOeCOHOf“C population. (2) It is

)

difficult 1o separage uthe nutritionsl componant {rom tnp cormplex of accompanysing

.““

iolorical arnd social varigbles which affect Lhe over all developuznit of & Ta e
nourished childe In the studles of Orahan and Morales and Stoch and Smyine,
the exparinental groups were also 1liv ving in extreme do imental home and family

'

There 1is also'data‘sug,ostinv the existance of more gpeclflc b¢o¢4~;cal
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pregnancies ar associated with lower birith weight, higher in

o

and social varizbles associated with malnutrition, especi 1ally with nutritional
marasmus., Lo addition to the studies of hign lxwashiorker and marasmus incid-
ence in third or later born children (Graham anu.Iorales) and shordt time span
between prevnaﬂﬂles (McLaren), some snowW aun association between frequent episodes
of infectious diarrhea and malnutr ition and others show such an association
with abrupt mother-child separation. |

Alac in low socilo-econcmic groups there is evideace that a high number of

Y

doence of pre=

[¢]
P

" maturity, congenital malormations of the nervous system and high incide..ce of

neonatal mortality.
The psycnologlcal significance ol these factors associated with malnutrition

is that they?aré influences on behavioral development prior to, during and after.

the presence of nalnunrltlon. Low maternal educatioh might determine inadequate

chil d cering practlues, 1naporopr1ﬁtc food hazbits, and other forms Si maternal

benavi or thau might be dourzmeﬁua; to the child's intellectual growth. A lot

of evidence suggests a posl 1ve relqv¢onsnlb batween maternal education and.

“‘the cnild's. level of 1rtellec ual dovelopmente

~and resulting from pro»eln—calorle defici lency, can force a breakdown between the
_chllq and his gny_ronment, Tho consequences appear s;m*lar to a condition of

sensory or perceptual dcprlvatlon which gives the child no opportunlty to learn

from; or be_stimulaued by, hls-eav1ro“mcnu° Prechtl et. al.; have found a clear
corraspondence between reilex mechanisms and oehavioral statis. They repory
“nat palmar and plantar grasp ars weax during a2 state of irregular sleep dbut

mcrson’s report suggests that the level

4]
o
[
o]

strong during wakefulness;- Shaffer

!1

o
F

arousai or aler tness in infants; determined i‘her by extornal or iaternal.
conditicus, might reaulate.the nature of responsiviiy to thé environmcnt.

Iin uddltlon, 1t is unlikelf that animal reaearch caa 1llusnr4 G what might

90
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Then tod,.the gradual deterioration, accompanied by'apathy and listelessness,

N
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Lo

-

ve “he overall conseguence: | early melnubrition in humans bescause; as has

been pointed cut, the devel: 4 of a malnourished child is not effected solely
be dietary deficiences but « Lex interactiion of diverse biological and

social varizbles immediately rew. 2 to the nutritional conditione

Speculationss

In order.to determine whether malnutrition in its interaction with factors
contribuies to slow mental dévelopment, it is necessary to study the malnour=
ished child in the_context of his prior physical; social, and psychological
‘history and within his own dnvircnmeant., It scems necessary to consider prose
pective studles where the manncurished chlld could ba used as his own control,

commpari. v a deve10pmenL37 base line with later evaluatlons af ver the develop-_

- ment of the malnourished-conditiont

- . s

The author proporis to show the weakness ilpherant in most studies of

.malnutrition and its relation to mental development. He is correct, but does

not point out that mpst'of the authors of such studies suggest that these
wea&nesses eXlSu in thelr utUleS and the esultis can not, therédprs, be cone-

sidered as conc1u51ve.~,Also, the preponderance of animal experiments in the

" area, contrary to the author?s view, should be considered because, we cannot

use such coutrolddd experiments with humans. - In this discussion of the irronious
use of height as a debtermanent of Z.Q. in developing countries, he doesnlt

mention dhe work Of'Cfavioto who first found the connection between height
7 &

'.‘.)
.

I.Q. in a unique Guatamalan Vﬁ*laLO of cqual socio-economic conditions,
and then in a laterjstudy'found the vrelatlonship between malnutrion'and neights

He had excluded factors of heresditary nature in his sample, .
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aw, Mevin S, "Infanv Malnutritd
H ~ ’” - - pd
Sdthou Revicw, March 16, 1963, RLS@ &

Tuo~thirds of the world?s children live in the developing countries of the

~world, and for moot of them maln utrition ddring their early years is a fucd ¢
 existence. The consega ent retardation in vhysical growth and d evelopment is re-
flected in the almost universally smaller body sizc of members of low=income plp=
vulations in these countries. GCenetic cifferences are a minor factore. Many under=

. privileged children among poor familices in the industrialzed countrics are ulSQ

malnourished at an early age.

Initially attention was focused sinm 5ly upon the prevalence of infant mortality.

“In the 1920's, animal rescarch on malnutrition began and has extended more ro=

o

cently to considerations of the eif octs or ma*nutrltlon on physical growth,

.learning, memo“y and aduotlve oanovio o

Food restirctions in'animals mmulateu the fobm of undernutrition in young
children Xnown as marasmus. Marasmus 1s particularly common 1in children less.

than cne year of ageg, when the rate of postnatal braln crowth is at its peake

- It occurs bccause, under COﬁdlulOnS of poverty and ignorance, chiidren who are ueaned

early in the st ycar of life are likely to bo given Substltut“S for breast

:imllk which are 1nadequate in both calovies ‘and proteln. Marasmus is found with
>grow1ng frcquency An nhe nushroom-ng cities of the developing countries because re-

‘¢ent arrivals 1m1tate the early weaning of the mlddle-gnd upper-incowe groups -

without elther the knowledge or the resources to provide a proper s substitute Loz -

Chiléren who are not weaned until the second or third year of life--wjtil
recently, the ommen practice in mearly all unsophisticated socielies--are

Tikely to recelve suifi cient calories bub inadequate dietary proteine The type

of malnutrition which then results is called kwashiorkor, a dramatically acuta

and often fatal discase which is dus primarily to protein deficiency.

92



Animal experiments demonsiraie ceniral NeErvous S8ysvln damage is wmore pro=-

. J |

nounced on a diet deficiect in protein but adeoguaie in calories (Swewart and
‘Plat%)e Ir*e Richard Barnes of Cornell found simplc undernitrition during the
‘nursing period, induced by general focdmrestrictions, produces behavioral

-

changes but has litile effect upon the anivals? ability to learn to solve complex

}...!

_problems. Severe protein deficicrncy tin early life, howaver, causes not only ithe

)

behavior changes seen in food-restricted groups but also 1moa*rs Lhe ¢ apasity
_to perform well in tests requiring the animais to learn from gultiple trials.
At the University of Aberdeen in Scotland, Dr. John Cowley found that a low

on

I

provein diet fed in unrestricted amounts te a rat after weaning had no effect

o

their problem=-solving ability iz a maze. But the progeny of

By

“hese rabs,; also
_maintained on such a diet; showed markedly reduced intelligence by the same tesi,

. A

as d;d bbcond and third generation rav +s continued on this protein-deficient diet.
The scientific data presented racently at conference illustrated widespread
growbh failure among children 1n mo“e than forty developing countries. Charace=

teristicaily, °~oata reta:dan;ons beirins afber the first four to six months of life

and becomes progre551vexy worse unitil the child passes the critical weaning period

*“f@ & €2

or aacc;mbs to kwashiorkor or an 1nLgct¢0ﬁg d‘sease. Poor growth is associated
“with the ¢nadequacy of. brcaub mil k as a sole source of protein after a cnild is

six months olde One**ﬁsult 1s a morual*ty rate ¢or chlldren one to four years of

E j w0 T

U ~age in deveIOping countries which is'twenty to forty times higher than that in

" Norta hmerica and Burope,

-

5t seriows complication in ce

s

izming field studies of these pr oblcms

UJ

-]
H
[o}
14
¢

is ihe fact tnat social and psycholopical ractors may independently have the same

zaverse effects as malnutrition on learaning and behavior and on the anatomical and
bicchemical development of the brain.
Similarly., institwiionalized . ildre well fed and genetically rial; 1
Similarly, instivwiionalized . ildren, well ifed and geneuvically nOTmad, u

) e s . . - s , : - . o s
[]il(i deprived of affection and stlmulailon av an oarly age, wmay show marked weatal ine
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malnourished children can exert & direcy ¢

-

Tery few long-range rield studies in human learning and oehavior aave oveen

o0q

complated, and most have failed to separate adequately the affects of mal~
nutrition from'thcse of other environment factorse

Some studies, relobively free from unfactored uaviroamental contemination,
are: That of Dr; Rernando Monckeoerg of the University of Cnile who raported
the progress of fourtcen children with severe marasmus. Thess subjects4werc
diagnosed at apges one month vo flve months, were treated lor léng perilodsy dis=
charges, and observed during visliw to the out-paticnt departmente. As each child
was discharged from the hospital, the wother was glven 20 liters of free nilk

per month for each preschool child in her familye. Three to six years later the

© children werg;blinibally normale Their height, head circumference, and in-

tellizence quotients, however, were significantly lower ‘than in Chilian children

“of the same age without a history of clinical malnutrition. Significantly,

language sxill was the most retarded.
The informatién,gatherdd in the town of Tlaltizapan, Mexico, by Dr., Joaquin

Croviotu, Dr. Rafael Ramos=Calvin, and their collaborators, is the outstanding

pioncer effort in this fiklde. Their studies have played the major role in-

attracting attention to the asscciation of natritional retardation of growth

and development with performance on tests of lesrning and behavior. Because the

economic, educational, and social stalus of families in Tlaltizapan was very
wniform, these factors were judged to influence the variation within the study

population to a2 lesser degree than the differences in nutritional statuse

[

Retardation in physical growth-and'development wes found to

)
N
o
H
kl
(o8
Ho
)
d-
I3
H

y practices and on the ocgurance of infestious disease. Iu was 1ot

P

related to differences in housing facilivies, perso

2

S

al hygiene, proporiion of

o>
[0}
ot
jo
.
[

income spent on food, or other inaicaiors of social and cconowmlc statuse
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Under these circumstances, “he invesitigators found test periormance ol pro=

£

school and school children to be positively correlated with vody lygigal an
o

heiphta

A growing body of evidence indicates that primary learning and the develop=
ment of adaptive capaclty is bascd on the development of interrcelatvlon amnong |
the separate sonsos. During ages six to twelve years, intersensory relatione=
ships follow & uell.@efined growth patitern in normal cnildren. Dre Cravioto
gave principal emphasis, thereiore; to btest of intersensory integratione

ive znd well controlic . sctudy ©o «.oe ds now under was
-

[&]

The most comprehen

- -

in Custenala under bhe direstion of Dre Ceprit.c Conosa of INCAP, Calldrea i

>
5 -

“hree villapes arc being given adequaie suppl:s zanary Ioc. from an early agzee

6]

An extensive batvery of psychologic:l tests Ii. . ..nf usec —O compare thelr rer-

formance over tne next $éven years with that »i children ir three control villages.
There are circumstances in 'iiich the eff: .is of early malnubrition on

mental development areAfirmly established. 4 nurder oI’ hereditary diseases inQ"

duce»a nutritional deficiency through aa inborn error in metabolism. The re=

sulting impairment of brain devilopment is so disastrous that it illustrates

'dramatically‘the way in which nutritional factors c¢an influence development and

s funetion of the central nervous system if operatvive at an early postnatal age.

‘These innerited nutritional defects should dispel any doubi that nutritional

b'

, can

0]
]

deficiency, if sufficiently early and sever ave profound and permanently

detrimenial consequences for the learning ané behavior of childrel.

It is clear that under circumstances common 0 developing countries, male
~uteition can interact witn infection, heredity, and secial factors te>bring abouk
“physical apd mental impairment. The social factors respansible ere multiple
nd difficult to correct; bu£ the elimination of mélnutritionland infestion

cmong underprivilegsd populations is a fecasidle goale

- . . e



B)

r

D,

3

/_:;:_
. \\- [N,

J)

| ———

O

ERIC

Aruitoxt provided by Eic:

- gbly due o the replication or duprications of data and The conseGue

‘dundency of complete reporting. Iv would have been of interest U

‘quite redically from some of the conclusians

e e e e e - o o ek e T2

v

Dr. Scrimshaw has produced a wosi informavive review of

relutive to malnutrition and learaing.  H=S

Dr. Scrimshaw commsent upon the daye produced oy neniod
s he has drawm Irom the Litcrature.

Since both are located in the Bosvon area one would assuue sume degree of

- familiarivy.

Dr. Serimshaw might have devoled somewhay more sotention Lo the pon-pointing

of the "ecritical period® of organ growoh and developmenbe. cany of 1Lis sources

arz quite definite in this analysis, yob he chose to avoid this involvemenv.

-

hive o UL procedure

fsl
!
6]
ot
[¢]
=
0O
%]
H
]
@
[
"|0

Apparently Dr. Canosa of INCA? is ro

FaN

he will employ in his study of the three Guotemala villapges. Ure Scrimshaws
. [ &

interpretation of the procedure is significantly dil-erent Irom that suggested

through other sourcese
 Other than those differchces mentioned above the Scrimshaw review painis 2
very pertinent and well informed picture of where we are in our consideration of

the effects of“malnutrition.vﬂ

de
o3



o

'

o e

ERIC

Aruitoxt provided by Eic:

D €

Scrimshaw, Nevin, Ph.D., M.,U alnutr Jlon, Learning a.. . C.oavier® amzrican
Je Cline MNutre Vi, 20, po L 2, Yay 1987,

Evidence is aveilable ¢ ‘oest that wmalautrition «.....z the Iir st few
years of life does have an ac o eflect on subsecuent learning and tzhavior.

The mechanisms irolved are r... st wa2ll established, and the precise wiming.

nsture, and severity of the maiiulrit.on responsible need clarificaticn. Hever=

theless, it will ue evidert that the elects of malnutrition ol young children

" cannot be neglec’..d if the objectives ia developing countries are to -2 metls

‘

r

Evidence From Ex .rimental Animalss

Jackson anc sitewart, aifiz-wed by _obbing, MeCance, Widduwson, u.—.Z raus

and swine, four.. that rats underfed i the first few weeks after wee.ng and

then piaced on adequabve diet had smaller brains at maturity chan conzrol animalse
Platt placed weanling rats; piglcis and puppies born of welleno.irished
mothers on diets severely deficient in protein bub adequate in calories. The

‘animals showed functional and histological sizns of central nervous system

-

Gamage. LElec eﬁcephalograms sno ed dlﬂlwat“on of rhymhenlc activity and hist=

ological changes appeardd in the nerve cells and neuroglial cells in the spinal

.cord and medulla., Similar animals, subsequently fed a high protein diet for one

to three monfhs;,while the éliniéal condit on 1mproved promptly, the histological
changes wére‘pot'revérsea; Sév ity 0¢ the chanves was 1dcreased by lowering EE&
age at which the deficiency was estahlishedg by reducing the protein value of
the ciet; or by‘inc sing thc duration of the deficient diect.

YWorkers a1t Cornell University also noted in similarly treated baby pigs,
swelling of the neurons and a reduction in the grey matter,

Wovakoya found that rats weaned at 21 days exhibited inhibited learning and
‘bechavieral responses to an clectric bell as compared to rats weancd abv 30 days.

But if the carly weaned rats were fed a ol yhiab-low carbohydrate dict similar

to rat milk, the differences were avollished.

87
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were docile, lecs easily disztrubed, lost thelr agpuilics and it warz 2.ificult to

induce them 50 -2b. In these cheracteristics they rosemdbled chilar. o itk
kwashilorkor.
Whore the dicts of the mothors during pregnacy -ere deficient .. proiein

and the ofispring were alsc fed deficlent diets alts- weaning, the .. ects were

“similar bub more proncunceds

n addition to organic dawmcpge Zrom cariy malnutidiion, biociiim..22l changes

= » ;

occur as well, There is only Iragmentary and doubti_l evidence a. o the perman-

Cr

ence of these -lochemical effcoise

Comparable Coservations in Children
The author compares the first three years of human development to the first
four weeks of the rat because the human brain develops 807 of its adult weight

as,qompared'to‘20% of total body weight.

Stoch and Smythe, Dean and Brown, Gralma, Ambrosius have shown that the

‘hoad circumference of malnourished children is distinctly omeller than that of

nourished controls. (This includss a follow up of ten years in the case of Stoch

and Smythe end are presumably pernanente )
In developing countries; regardless of racial composition, children of middic
and upper class families show physical growun rates similar to North Emerican

nildren while the children of lowsr class are wuch smallere

o

Factors Responsible for Retarded Growth and Development of Preschool Children
P ! P

> =

Waile malnutrition is the primary fzctor, infections contribute as well,
in retarded growth of pre-school ciiiidren of developing countries. Malnourisnmend '

lowars resistance and medical approachaes of the population tend wo compound thio
appro: _ P p

88
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argbiem (ice. foczing cruels and giviag uurgatlves) as wall
mentel sanitavics and lack of personsl hypgicne. 431 %his causes wmultiple and
sonbinuod illne s zlong with the salnutrition. Permanent impairment rasulting

from malnuoitior 1s certain and mental retardation is probable.

Although the citudy by Stoch and Smythe found lower I.Q.'s in the malnutrie-

tioned group o toildren, the resulting interpretation is aoubzful due to great
sanitary, covoT.amental and familial diflerences batween those children in the |
exparimental group and thoss in the control groupe The same is true for the
study of Cabal: and Najdanvice

In the cas: of children studied by Yucolmass, Poull and Samuel, f£ifv ‘
o o 9 9

malnourished children improved in I.Qe an average of 18 points as compared

£6 the welil nourisned control group which did not improve in 1.0, However, -

T.Qe scoree are known to improve when neglected children arve given increased

‘attcn jon - it can't be determined from which the rise in I.Q. occurred.

The study by Cravwoto, nanos-Galvan and others used the population of

- Tealvizap an, Mexico and showed a f“'atlonsqlp betwenn nutrltlonai retardation
“ of Cf*"owi,n and deve¢0pmeﬁt ior chronologlcal aga and pe”'ormance on psycholog-
- desl tests.v The economic and soclal status of all famllLes was unlfo e RE=

terdation in growth- depended upOﬁ faml+f cletary practices and on the occurance

of infections - not o be relauea o erences in personal hygiene, housing

or ogher indicators of social &ni @Lonomic suabus. These lnvestigations found

- performance of preschool and school children on the Terman=-Merill, Gescll and

(n
p)
o)
fex

CGooderough Draw-A—han tests to be positively correlauod with body helgnu

o]
4

6 on oittouuewn 04 vaese Sctdl ee, the autnors found that in rural

malan children, six o elev n J ] ldb reual datloa in } height for age Was
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“weight, and bone maturstion than the children remaining in the vi

NPT

acuon . by poorer performance on psychological tesis gmplLoyed - primsrily
visuao wele and‘kincstheﬁic sensory integravione. It was siso noted that
in ¢ 7: . Lotion group without malnutriticn, the variation in height was priwars
iy - -z and‘showed no COrpalation with inherited and other variatiocns in
intel .. 2:l performances
'CompINJ ~ig Socisl Factors

- athor says vthet in industriaiized countries a child's inadeqguate
intel . .al or social performance I8 +he result of a complex inveraction over
a per:. of time, of genctic varizbles, and primarily nonnubtritional factors

in the sceial or cultural envircnmente Bub in developing couniries, variations

"o from family to family in educational and economic status and beliefs and customs,

" mayv be  =latively small and together with genctic differences, ma - be insignife
. O £

cstermznents of intellectual performance because the children are O

icant as
affectec by the sunergism of malnutrition and infection in such areas. -

Nature -ud Timing of the Malautrition

e~

Inutrition beyond three years of age probably has no direct permanent

I

effec 'n mental development. This includes children with kwashiorkoxr since
tnis —-zan acute process developing in a very few weeks, usually after ronths

or years of ‘protein-calorie malnutcition, and are no more retarded in heighi,

Ja
[

lages OF ur=

ban slums form which the child comes. It of coursey, as any CGiscase, way affect

learning, and behavier by other than crganic means, {ice developmental 1ag,

@z x 7 and responsivensss)e The epidecmiological approach o the problen.

is esz.. .ial because, chronically salnourished children are most inevitably

ender srivileged in a number of ouher ways as wells

Research is. imperative in order to determine the circumstances and wanner

100
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in which malautrition and physical developrente

n the preschocl child, between the temporary cifects of

&

-

It must distinguish
an acute disease process on Lest performance and behavior and the long term
must take into account variatlons

genstuences of malnutritions Such research

in social o~ cultural eavironmione including education, intellivence and bo-
havior patterns of parents, physical environment, influence of biolegical en=
vironment, and exposure Lo disaases. It must distinguish between genetic and

environmenial factors and must be multidiciplinary and of humen populations.

| The auﬁhor.offers a‘comméndable compilation of various studies dealing
‘with the problemas quevergiit may be found that the authorts comments ro- -
garding;industrialized co@nﬂries do not take into cohsideration the ghatton
and extremg gﬁrai populaticns wno may weli exhibit the same necd for nutritional
aSsisténce as developing co#ntries, Eased on the incidence;of miid ‘o hoderate |

malnutrition of children living there.

e e s a— -
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We have previously shown abnormal ncuromotor covelopments in progeny of

mother rats estrictea Lo 50% of over ad a libpitwm dietary intake Quring ges=-

tution and lactation. (Fede Proc, 25, 519, 1967). Ten experimental and nine
" control animals, prepared by the sane procedure and fed ad livitum after weaning,
A ™~

have now been shown to perform differently on an elevatod multiple T mazes iMaxp

&”

1

running, with water reward alter water doprivation for 2l hours; was begull at/
1/

2 1/2 menths of age, Heans of running time and errors on the first trail fo

us

the experimental progeny wWore onproxinately dovble those for the controls Do
H 4 pAu ik h 2

21

Sl

o0l and pe 05 respectiVely)g' Pherealtor, the mean numoer of trails required

I

~ to reach spccific criteria in starbing time and crrors were alsc significantly

\

.@

greater for the experimenial animals than for the coﬁtrols, (p 0,001 and

p 0.02 respectively)s The experimengal p rogeny were frequently acued b

‘“\
2

minor changes in environmeni which_did not affect the controls and babsed QX

.._h‘ e o
-

feczl boli in a g;ven perlo“ taan théxqontrols§(p «001) (Supported by P.H.S.Lgfgnt’

No. HD u2>81. ),5‘

~

CLA
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Sinisterra, Leonardo, t{e. Do "Nutriticu Zarly ¥ental Development® Je Lde

and
nose. Volo 6L, inside cover, Septemder, 1970

e

During t.c'past decade research has sugnested @ relationship betweaen
rutrition and mental and behavioral dovelosment. JAboub two thirds of the
inhewitants of the world sgfier from chronic mainutrition. (Those living in
Uundo*fﬂveloped countries and in slums of dceveloped countries) ”hus,runder~
rut ~ition is a positive threait to four fif tns of the people of the world,
Qhen all forms are considereds
Anim l protein (with 2l its amino acids )eantains a hianer biological
-'qu 1ity than Vagutablu protein -« bub it is npt readily available w0 all_people.

~

- Most of the worldis population survives on vegewaole starch foodse
The impact of malnutrition on ment al development is most critical fron
poion oz age six, since it is du ng this pariod that the brain achieves

- 90% of ius growth. ‘Undernouri snw nt during thesa carly ycars cannot be cor=-

recied afiter the child reaches scnool aze. Thus efforts by schools come to0

~ late no prevent pnrmanen mental damage. Often; along with poor diety comes

(]

a aull psychological and social enVironvcnt. The underdeveloped child is a

vicoim of environmentai,Circumsuanceso

A

‘Educators; health o“”icials, and doctors must assist the family, partice-
ularly the mother who carries the major responsibility for raisinz children.

The school could prOVide, tbrough tneorenlcal teaching and practical demon-

T

I

strations o mothers and the community in ceneral, the knowlcdﬂe neaded 1o
provide proper nub ~ion as well as ewotionzl and psychological stimulation

LS

%o praschool caiiaren.’

T

Aitnough this article is shori, 3% mokes some eicellent pointse HOWEVED,

we need federal emphasis in order o rcach- the. entire nation. Hospiitals, 100,
would be & gocd place to inform mothers of the needs of thelr childrene
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Stuoch, HMe 3o ond Smythe, Pe Ho Undoernuttien During O
S A s - T . . et T R . Bea e T T TV m e 4 T A o] -
Subsecuent Brain Growbn and InteliodTui. Tovelonnont! Souen AITLCEH:
S0
7

Volo Ll: Dpe 1027 = 2830, Ociobor, 1967

his paper record

L

5 an eloven year follow-up of head sizc and intellectual
development of children who wcre opossiy undernourished during infancy. %ha

sriginal study, began in 1935, wes based on the hypotheses vhat the ill-effects

)

.~ition are determined, firstly by its occurrence during the poriod

5]
(¢}

of maximun growth and, secondly, by the Guration of undernutrition relative

to the total period of growthe

Jethoas

Twenty of the most grossly undernourished "Cuapo Colored"® infanis who
could be found vetween 1955 = 1960, who had m organic disease (apart from
gastfoen?eritis) and pormgi‘;n birthweight were compared to a control group-
who was not malnourished. |

‘Both groups were‘from ths'loweét cocio-cconomic level., However, there
was a great deéparity in their living conditions. Alcoholism, illigitemacy
and broken nomes was common in the undefnourished group. Although over the
years the conditons graduallylimproved-until 13 of the 20 were comparablg_
to the control éroup in living conditions,.

ALl children were examined at yearly interVals until 1967. The I.Q.'s

were cstimabed about every two years using, up to age TWo, Gesellts infant =
scales; from two to six jears, the Merrilli-Pslmer test; and over aga siXy
ihe Individual Scale of-the’Natiqncl Bureau of Education Research of South
LTrica. BoLaGel's wererdcne'ih 1947 as well ss level of school achievemon®
ascortaineie Psychological tesis of coznitviong maturation and personality
wore corried out in 1965;
nesulis: |
Head Circumfersnce:? 'ﬁhe aversge oi the undernourishéd group 5 significantdy

" smaller throughout by 2.L6 eme than the controls who compare favorably with

tNA
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‘even the others in the malnutritioned groups

. for grasp of concept of time, greater than can ve account

4]

American childrene The avers;e ol the undernourished is 5.07 I,

less than the controls. B.D.Go Mindinrgss Two of the children in the undernoure

ished group had abnormal rccords = onme had a primary epilepitic wyarhythmia dna
the cther showed a slow wave {fozus. The rest were within normal limits bui
within which there was a great deald of instability on provocation especially

with the malnourished group, Also twelve in the mainourished group had poorly

»

sormed low-voliage alpha~waves with poor responsc Lo eye opening as compared

v

to the convrol groupe The mean alpha index was significantly lower in the underw

nourishced group than the controls This was due to thne low theta index of

eizht in the malnourished group wio also had significanitly lower I.Qe.'s than

"Tests of Intelligences.

Trhe performance of the two groups differ significantly. With Gesell's
norms, Merrill-Palmer, and National BDurcau tesis, snow throughout a significant
difference of aboubt 20 poinits besitween the two groups.

In educational placement, the undernourished group laypged far behind the

average for Cape Coloured school children. Eleven of the 20 are more twhan
‘one year older than tke average age eapccied for their class and none is more

‘than a yegr younger; whereas in the control group only one c~ild is more than

a year older and eight are more than a year youngere. 2o

Psychological tests:

(3]

For the malnourished group: a marked and significent difference in scores

d for by the difference

- .

]
\

5

in levels ol iantelligence., In motivation, the undernourished group scored

-

significanvly lower. In the personality variables, the malnourished groud

ghowsd sigaificantly less inditiative and a Lower level of organization of play

materiale They also showed significanitly less fantasy-alfectional behavior

105
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"It comsists of the findings in psychological

AU

and signicantly moro fazatasy 2gression.

Conclusions

+o malnutrition rathor

™he evidence in favor of orpganic brain damage du

&)
[

_+han emotional deprivation in accounting fow differences in intelligence is:

that the nead circumfercnces are significaniti cmaller; that mora Z.E.G. find

~

'ings are abnormal; that a pattern of marked impairment of visual percepiion

emerges from the verbal sublesis.
The evidence for the influence of eavironmnent factors is less convincinge

sts of & poor time concept and

&)
chr
o

¢ Behaviore

ck
O

=
@]
=
o]
@]
+
L)
o

snance on tests for Achicvemeni~lela
It could be argued that conly with very severe malnutrivion could intellece

“ual impairment occur; but 20 of tne 23 inZants selected survived the initial

.phasc of marasmus and teday appear outwardly normal with one exception. Yet the

cxtent of mental retardation is considerzble. - It leaves ample room for signifi-~

©Q
0
ja)
o
Ly
3
2
1
H
3
®
o]
ct
o
+
‘e
R
v
o
]

csscx degrees of undernutritvion. H3lthough naras-

mas may prove more damaging in growil, the more crucial factors are thousht

‘4o be the durabtion of undernutrition and the degree of rotardation of growth

selotive bto the normal during the period ait which-brain growth is greatest and

_happen to concide with the age at waich malnutrition is most prevalent through=-

out tae worlde : .

o

Yaizs study is widely quoted in the 1iisraturee It is ome of the fow
lengitudinal studies; and for that reason coserves consideraticn. However,
the living conditions of the e xperinental and conirol groups wWere SO cifferent

rndicate how & combinatio i of

’.h

Gt e —y v e = : TR} PRPI s .
nat onme wmisnt suspect that the resulis really

nuitcition and environment effects the developing childe
_ P0G
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cuiition o4 droln Dovelopimeny cdiatricse. Vole T4,

Windiclk, Rl
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Both animel and auman studices cozgess that a eritical perioed of brain
9!

el

may exlist durdng which muzlinuirition, evean in a mild for: zad cven for

a short time; wmay producc irraversibl damagce. <This critical period appears

to be Defore bilcth and during early postnazbtan life,

Animzl Experimentss

The orain reacnes 80 percent of its adult weight by L weeks ol age in

2 apo in the pig. Indeed; in all mammzalian
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AL
species the breain approaches ivs adult welpht long before the growing periocd
has siopped, n 1920 Jackson and Steward demonsitrated thet malnubtrition in

the first few weeks after weaning resulted in a reduced brain weight which

‘persisted even éﬂtef'the:rat was pliaced on an adequaze Yet., More recently
rchers have not dn;y confirred these resulis ia both rats and
&lso have extended them to show thst more marked ufie ts could ¥ o

Y

hn-to seaning. Since these experimenis,

b

if the animals were under fed from birt
& number0f investigators have reported similar results; leaving little doubt‘
that underautrition from birth to 21 days of life produces a pprs iibéﬁﬁt&:ﬁdv‘
permanent reductioﬁ'in brain weighte in contrast, undernutrition o”+un 3

weexs of age 1n thé raﬁlgnd after 5 weeks of age in the pig rCSulta in pro-

-

gressively smaller effecits on hrain weignt and complete return Lo normal

welght when the animal is rehabilitated. These data demonsirate that the
earlier the malnuirition, the more scverc the effect and the less likely
TSCOVEITY e ej suggest that therc is a crv cal period of brain growth in

the rat and in the pig during which the brain is most zuscepiible Lo the

:Sfaets of malnutrition,



Histolorical or Cell Changcss ?

i

Platt and co-workers have observad histologic cranges in the cealral
‘nervous systems of rals anc pigs and dogs raised from weaning on provein de-
ficient ciets. 'Degenerative changes in boih neurones &and glia appeared in
tne spinal cord and wedulla. Thaese changes periisted even aiter 3 months qf
pehzbilitation on a protein-rich diet. The severivy of these changes could

be increased by lewering the age 2% which the resiriction was imposed or by

i)

4

inereasing the duration of the caficient diet. Lowry and associates have

{

[

)

Jemonstrated that pigs malnourishod cariy in 1ife have hisbvologic caanges in

=
4]

(eay matior are reduced in number and appear

he corbex itsclf. Neuroncs in [
- awollens Thus, undernutrition will result in specific degeneration within

brain cells. &nd arain, the sarlicr the restriction the more severe the
. o 3 . i 2

g damages
R o '
P
)
- Cellulaxr Growiii
veirht gain and nistologic appearancs give only & limited picture of

J

organ growtn. Organ growtn wmay be gquantitated in ilerms of increases in cell

punber and increases in the weight of protein coubent per celle Since DeN.Ae

>

(&

s consbtant within any diploid cell in a given speciess the amount. of DNA in

any organ reflects the number of cells in that organ .at any given tine. The

g

zctual nurber of cells mzy be calculuited by determining totval organ DNA and

< | L—%L

dividing by“the DNA content per‘calla Onca‘the'number of cells is Known,
whe cverare weight per cell or‘protein per cell may be determined ciwmply by
dividing to total orgdn weight or protein by the number of cells.

mormal end reberded growith in the OXgnas of the yat have buen seriGiily
sbudies in this manner, Thrce phases ok growen were delfined 1n aid organs:

wperplasia and hyporor cnd hypertrophy alonc. Yage tran~

cition from one phase into anulher depended on a slowing down ana fini.sy a

Q . o . . . e A
ERIC cessation of DNA synathesis.. The time that this occurred varied from organ Lo

roe oot enc) | ) ' v ' ‘ : JL() g'-
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“into specific regions,
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pmasured by Lovod orgen zanalyols ana

organ, bub in all cascs DXA synthesis, &S

by incorporation of Clh thymidine, ceased beicre welgn® sain anc net prowein
synthesis stoppede

In the wnole brain,'DNA synthasis a% 17 dayss whers a3 the ney
protvein continued'to increass until 99 deys. lorgover, if. the brain 75 civided
thasc areas have thelr own individual growih DobLernsS.
ot o wopid rate until

Cell division in the corebelium procesds 17 deys

EIIN

abrupitly ateps. In contrasiy iao nurber in the cerchirai cor=
tex procecds wore slowly but lasis until 2L days. Ln the

« increase until 1L days and then &

D)

increase between 1L

has a discrete

Because of the sugge

stions that the zecovery pattern of caly and late

malnutrivion differed, the effects of malnutriton on these cellular growth

patiterns were investigated.

The resulls indicated zhat early restiriction jnterfered with cell divi-

sion and that the animal was left with a deficit in the number of cells in

all organs, even afier adequate refeeding.

Conversaly, B avernutrition” produccs by reducing the litter size o 3

animais nursing from a aingle mother, resulted in an increasad brain welgnit

which was associated with an increase in the number oi cells. Thus,

of ¢cell division and the final numoed of cells could be altered in either
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dirsciion by the state of nutritione. It
covery actually might occur evern if cell Givision had been interiecred with if

\ .
peyun Te=

Lhe animals were re-fed increased guentities

fore the normal period ol ceil division nad sbtoppede
7o demonstrate this Winicik, Fish, &nd Russo roared rabd pups in Zrouss of

ot
O

was presend a

( .
[ 45

only, the cerebellum siows
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had disappeared. These deta dewoustrate that during the period of

P

gignif.cane veduction in DYNA oo .. .0t av 9 days; and by 21 daeys whnis reductlon

the rate of cell divislon may be increased sufficiently, by increased ¢

KT | & - 2 -, 3 e K = . R L PR Taa ) e um gt e S
LLaKTy GO Correct o previous deilicl in coell nu L8 LIMPASSCUL Iy . 1ANULT L CAOe

Thus; not o1 ly are the extent and duration of undernutrition and rehabilitatio

important, but the age of the animal ot the time rehabilitation begins is also

critscal,

.

be

Recent evidence of Zamenhof and associates demonstrates that malnuitrition

> a3

during pregnency in rats will result in offspring whose brains contain

~

ducad nunber of cells. u"+ freom the Winicl laooratory have indicated that

~

this 1s not only true; bub that even if the young feed normally ithey do notl

recover and are left with a permanent deficlid in brain coell nuwiber. Howover,

it is perhaps even more significant that the. offects o postnat“7 malaoutrition

on animals previously malunourished in atero mare ruch more wmarxed thon either

stimulus alone. These "doubly depriveg¥ animal“ arg severcly retarded in

their growth and their ‘brains conitzin only U0 percent of the=xpected number

of cells, It is as though prenatal nalﬂu trition has condltloned these anlials

A .

and made them therscn31t1Ve to postrnatal u;avrnqurltion.

All eof the stud ies alluded to demonstrate that a critical period of brain

growth ¢an be defined in terms of cell division. Cgzll division stops
brain long before growth per se is over, MNoreover, different regions

in the
reach

thodir finalk nurber of cells at difforent times. HMalnuirition o **”1&5 cell

divislon during this eritical period and can permanently reduce he ultl

number of cells achievede In the rat this critical period of cellular

~ .0 o . § i o - —_ o
Iiferation lasts only until weaning (21 days of age),.

Yyelin is a complex 1ipid madc up of & number of componentis. TFor cxsrsle,

&

I
dauave

eFael]

abouh 70% a total rait brain cholesterol is present in myelin. Analysis of

P ET:
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myclin formatiolie

radioactive componenits into

‘

The bullk of evidence scems o establish

Iy m P -, -, 3 ~3 = - R ) i,
brain cecurs most rapidly during & G-Strewc

the period of celiui

N

Lime Lo

this ‘time reduces
aloimste myelin content of tne orain.

5 - -

mobabolic events within the cez

ot
|0)
-

N

former is truee. Studics of whe

period on regional myelination patiteras have

211 of the studies completed ©O date cdemonstrate thalt the prewcaning per-

2 in the rab is a btime of «norwous chenica

brain is most seasitive to the

@inally, the application of the
I < ;
zhe period of development
43 @ifficult. . To couplicate mavoers Sorbhier, the

varicus rczions

wyslin in the

e

aQna wic

developing human nAervous systeile

11T -

‘n caperiiental animzls by weasuring the rate o

dsta of Chase and associates would sugges

finding in an animzl such as & I8y,

of the rurvous system is guibe shord, Lo

Hopefuily, more study in ithe

NI S
l-'“"r\;_l-lbd

is ver,
corponents can be usad o anhab-
of myelin formation can alsc ve

P
i

ncorporation of

[ Rl

the wvelin siructuree.

that myelination within %1, Tav

This period s quiie sime

Laid down and ihe

\

nether this has a direct afifect on the

ressonsiole for myelin synthesis or simply

cells is ucknown. The en=

that, at least in part, the

not yet been done. Such studies

. will provide data on regional brain growth in terms cf myelin which might be

" compared with the regional studies onurates of cell divisione

1 echange wibthin the brain and a2

detrimental effects of unceirnunte-

b h)
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5 the ohesus monkey, vthereby allowilg Gl

Y]

accor ..zned with animals suchn

Zoce_ correlated consideration of human developmente
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vyron and Noblie, sdax

4
nn Various Ages®. The Jour
Mslnubrition retards growbn in animals and cnildren. Recovery O nor.aal

ct
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stature on refeeding depends, in pary, on ageé a2l ongex

investipate the cellular avents wnderlying this {imo-dependence, rauvs wWors

exposed vo 21 days of caloric restriction av birth, at weaning and ab ags 65

[0}

days and “hen refed normally until sdulthocd, Total organ waight, proteing

i

RNA, and DHA were meassured during the periods of éaloric rosoricticn and subs
sequent refesding. Toval DA and welght/SHA; protein/DNA, and REA/DNA ratios
in - tesis andvcontrol animals reared in the usual manner served as indexes of
changes in 6?Zan ?ell size and nunbere Helnubtritlon irom pirtn o weaning
résulted in a prOportipnal decrease in woeighi, proteln, RNA and DN&, indicae
ting a reduction in eccll nuamber. without altérationAin cell size., These animals
did'not‘recover normal growth;ﬁhen adeguately refed. Malnubrivion from weaning-
to L2 days of age resulled in & proporiional reduction in ﬁeight, protein,

'RNA, and DSA inm all organs excep’ brain and iunge +#lthough welght, protein,

and RNA were reduced in these two organs, TNA was unaffeciede. Refeeding was ac-

companied by recovery in weight of these wo organs only, resulting in an animal-

retarded in overallgzrowth with norinal-size brain and lung. &inally, malnutirde

o

tion from 65 to 85 days of age resulited in maintenance of DNA& values in all
organs Txcepb spieen and thymus, whereas weight, protein, and RIA were reduccde

TN .3

The wreduced ratios coupled with normal DNA suggest a decreased in cell size wiJa

e L3 e o .} v g = T W 2 N P U < P — =
~atcnbion of ¢ell number. All orgmns in these cnimals oxcoplt thymus rocovered

tret cellular efrects of malnutriiann cepend on the phase of growun in ine

evivmsl et the time of malnutriton. Zarly malnubrition impaded. cell division

end the animal did not recover. Jalnutrivion 2% a later stagy of growth resule

0]
[¢]
(W)
<
4%
5]
<

“wed irn yecucition of cell size from winten the aniwmal could 1

Possibly of greatesy significance in this study ars the DNA ratlos. Welght-

e
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$o~DNA and provein-to-DiA ratios are normal in all organs in group L (ralnutri-

tion from birth o weaniag)i thus the reduction in weight and total proiein

of dietary restriction in carly life is solely on céll number, cell size remaine

ing constante

Tre ratios are similar in group II (Mulnutrition from weaning to L2 days
of age) animals for all organs excep’ brain and lunge. <+he normal ratlos agzain
indicate a reduction in cell nuwber and not in cell sizc. In brain and lung,
however, the maintenance of normal values for DNA with a concurrent lowering

of orzan weight and protein results in lower raticos and confirms iThe decrease

in cell sige in these two Organs. In lung the welght=to~DNA ratio is decreased

‘morc than the protein—to—DNA rauloo During refeeding only brain and lunv re-

covered as indicated by a return to normal ratios. In group 3 (malnutrition
from 65 to 86 days of age) all organs exccpt lymphold tissue contain normal:

] LTS Ly
wanvidles ol

DiA and hence their weighi-to-DNA ratios are reduced.. Only cell

e

size was affecitad, Refeedin- vesulted in cow lete correction of these ratios

)

nd.recoveyy of normal size in alloogg .ns axcept thymus.

The lymphoid.organs.demonstratcd reduced DNA values at the end of the
period of caloric restriction 11 all groups. Darlnr refeeding, the failure of
DA synthesis 1n the splcen in groups I: und II per51buec, whereas in group IIl
complete'r“covery occu‘ruda |

The 1*sults 1ddlcate that caloric restriciion prevents the expected ine
creasc in helghtg total protein, and DNA in all groups of animals regardless
of the time of onset of tle malnutrition. The lack of weight gain then, is
due G0t to the state of hydration but 0 the curtailment of normal increases
in oytoplasmic constituenis. DNA, however, 1s affected by malnutrition only

zrence Wit cell division,

b
@

inter

-

hefore it hes ceased 1O increass. L0 is uae

s -2 ~

nerefore, whnich is time~depondent. Therc ig no recovery after refecding

ci

nus

3
5}
e}

caly in thosa organs where CcLL division nas been curtalled.
triction resulis in curtailment of normal crowth no matter when its oamset but

118
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this effect is reversible by refeeccing as lonz as cell divisio

Unfortunately, similar data is not availadble in human waln

-

Winick does suggest,; however, that clinical evidence indicates

numan to be comparably bime-dependenid Unatil such time as clear evidencs is

available relative to the eifecits of dietary resitiric

consequent incumberance of optimal adopiive behavioral p siterns, it will be

guite gifficult 4o advocate nutritional intervention on the basis of general

Y

{D
N
©n
[4)]
o
g
3]
o
[4]
ct
6]

social benefits. The compeltence and clearity of his work, howev

the demonstration of this evidence to be close at hand.

e e } e
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The author directs his aitention in thls article Lo a demoasiration of
deta indicating.that increases in head circumferencae - ~urately reflect br.in
growon during the first year of life.

During severe malnubrition the normal rate of increase in hezd circum-
foerence is reduced.  Similarly, Zhere is a curtailment in vhe normal increass
in braia weighr, protcin, and Di4 contenbt. The reduced clrcumlercnce is dire
cctly proportional to the reduced brain woight and proteln contant, DRAe content

. N

is reduced av least as much 2z, and in mest cases wore than, head circumlierences

(Ca.)

Thvs, the degree of reduction im head circumference in children malnourished
(;;D‘ during the first year of life is an indication of the severity of this nutrition-
b

a1l deprivation on actual cellular growth of brain.

] ©

Trhe data in this study demonstrate that curing the first year of posi=-

natal life, measurement of head cireumference is a useful clinical tool; since
[ :
!1J
L it accurately reflects cellalar growth patierns in the brains of normal and
; malnourished infanvus.
IR : _

Dr. Winick, .in his easily read fashion, suggests there 1o be relatively

little increase in the number of brain cells, DNA content, and in head circums

ference afber six months of age. Curtailing malrutrition prior ©o six.months

| M

o

of age, or at any time during the first yesr; appears to inhibit brain pole~

1

o
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’J
o)
¢

116

ERIC

Aruitoxt provided by Eic:



ot

\

> €

)

e
T Iy

=

O

ERIC

Aruitoxt provided by Eic:

: - ] N
UL LT e i e T
"'1(..‘\34_(.:—‘3 -~2‘:‘"-f.=10"1\‘;. e

T 2 \—\"\
e bo i

baucab*oruL hvSO

Tr

urces ln;o*mguLun CThnaT. Jooument Hoe FDe U

i e AN e Y
.\...;_u:,;iv‘, ULLiCs O«

nave been displaced by advanced | cehaciopical changes 1a e field of cpgricule
turc. Many of these people live in extremely poor housing, exist on vitamin

deficient diets, and are surrowndsd by & s&& of filth and debris. Digeage runs

rampart amoing

R )
sistance, and

Tood programs

dren oecavse

are provided, thers

for thege Cr

~

B .l = en ) < 3 -
s their undernourished bodies

hildren wno suffer malnuirition in carly chilé-

hood, there is.little chance ox normal mental and physical deveiopincit. The
5

are denied the hOpd’O; developing

their numan potential for competing in the

complex end demanding society in which they musy live., It should be remcmbered,

too, Hhat the conditions of the pvv““'J-"*flcuun HcopLe of Mississippi are nobt -

£z2il to ¢do so unti

S limived to that state, but exist

‘and ! lb the leda”al govVarnn

[0 . e p U N N T R ota
shousancs of Hegro fapm lsbhorers In S-SDiSUlppd

in many other arcas throughout ine Jal tad States,

is capable of solving these problems, 1t will’

il the preva;llrw nol tical rosistance is overconc.

The evidence is be?inning to make Dr. Vheeler's svabeoment appear Lo be a

unde rs

00T

(4
U)

t:)

(l)

”cmenu.-

The poqséo

;;1ty that generations arfter gener rations of

-

lack Americans“have peen denied optimal innate potential development 18

racted Dtloﬂ?ly by the research on ancrnutrition as well as such clasgica

uisge
and con vcrs;al reports as that publiszhed by Dre Jensan of the University of
Californiz.
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"gssentially what is proposcd here is a tesbable hypothesia: nzt a
possible mechanisn forra large cowponent of mental retardation in protein~
malnourished infants and young children is whe result of nubritiocnally induccd
enzymabic deficiences in bictidive; phenylalanine, and possibly S~hydrowxytryp=
tophian metabolisme That the type of mental retardation expected would have
clinical features of histidinemia and ghenylketonuriz. That children borm 10

in-malnourished mothers would have a mental defect quanbitatively and

(=
g}
Q
ct
]

qualitatively different from thechild who had only postweaning protein male

3

nuerition. That if the histidine blocxk is sufficiently severe these children

Cwouldtoe expected to exhibit short auditory momory span which would induce a

=)

‘speeific tvpe of learning dissbility. Zf it is found that protein malnutrition
& o ; <

does nave features of L' obidincmia with short suditory=-memory span, then it has

. farereaching implicati._ins on teaching methods in protein-deprived mreas.”

:

The author has given scholarly consideration to the gensbic romulation of

~

protzin synthesis and gene control of dbiochemical pathwayse His reference o

A,

nanges in teaching methods for youngsicrs with an engymatll problem exposes a

-

o’

rief glimpse of an area many ol us rwallmg We nove, on occasion, fac~d blindly -

=
4]

, is the classroom. fopefully the future will provide us with many more articles
o .
of this nature. Particularly ithose relaticy bicchemical difficuliics to dlearning
orovlens. :
e
i b
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and inulin clearance wers detormined in conitrol and delicient young. Paraffin
sections through the hilus of kidneys of 7=-day old littermaitcs ware stalned with

ian blue«PASas In Lhose sections,; total

gloveruli and immature glomerull were counted. The proporvion of cross-sscilons

of proximal convoluted tubules per glomsrulus wes dotovmine. g was the total
cross secibion ares as an indication of sizc. Tre young cod dawms fed a protelin
deficient diet during pregnancy have aliered kidrney functiion postnatal’v with
marked feduction in glomerular filtration rate snd depressed urinc excretion

urine both water diuresis ané osmotic diurceis. They snowed fewer zlomeruli

et
and more irmmature glomeruli. %he arcs of conncctive tisgue beivesn the proximal |

convoluted tubules and medullary tissuc

kidney funciion may. be related to the findings of fewer and more imaature

. glomeruli, but may also be atiributeble to extra-renal factorss

118



